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MUTANTS OF CORE 2 B-l,6-N- 
ACETYLGLYCOSAMINYLTRANSFERASE 

CROSS-REFERENCE TO RELATED APPLICATIONS 
[0001] This application claims benefit of and priority to USSN 60/477,649, filed on 

5 June 10, 2003 which is incorporated herein by reference in its entirety for all purposes. 

STATEMENT AS TO RIGHTS TO INVENTIONS MADE UNDER FEDERALLY 
SPONSORED RESEARCH AND DEVELOPMENT 
T Not Applicable 1 

FIELD OF THE INVENTION 
10 [0002] The invention relates to mutant polypeptides of Core 2 p-l,6-N- 

acetylglycosaminyltransferase (Core 2 GlcNAcT) or portions thereof, as well as nucleic acid 
molecules encoding such polypeptides, and processes for producing such polypeptides using 
recombinant techniques. 

BACKGROUND OF THE INVENTION 
15 [0003] The enzyme TJDP-GlcNAc:Gal[p] l,3GalNAc-R (GlcNAc to GalNAc) [p] 

1,6-N-acetylglucosaminyltransferase (i.e. Core 2 p-l,6-N-acetylglycosarninyltransferase, 
Core 2 GlcNAcT) converts core 1 (i.e. Gal[p]l,3GalNAc[a]-0) to Core 2 structures (i.e. 
Gal[P]l,3[GlcNAc[p]l,6]GalNAc[a]-0 in the O-linked glycan biosynthesis pathway 
(Williams and Schachter, /. Biol. Chem 255:11247, 1980 and Schachter H. and Brockhausen, 
20 I, In: Allen,, HJ. and Kisailus, E.C. (eds) Glycoconjugates. Composition, Structure, and 

Function. Marcel Dekker, New York, pp 263-332). Core 2 GlcNAcT activity is important in 
the extension of O-linked sugars with poly(N-acetyllactosamine) (i.e. repeating Gal [p] 1- 
4GlcNAc [P] 1-3). These structures have been associated with malignant transformation 
(Yousefi etal. (1991) J. Biol. Chem. 266(3): 1772-1782.) and proliferative activation of 
25 lymphocytes (Biggins et al (1991) J. Biol. Chem., 266(10): 6280-6290), they affect cellular 
adhesion (Zhu andLaine (1985) /. Biol. Chem., 260(7):4041-4045; Laferte and Dennis (1988) 
Cancer Res. AZ(\l): 4743-4748), and they may act as ligands for mammalian lectins (Merkle 
andCummings (1988)7. Biol. Chem. 263(31): 16143-9). 

-1- 
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[0004] Core 2 GlcNAcT is a key enzyme in the modulation of cell-cell interactions 

through glycosylation of target molecules. For example, glycosylate of P-selectin 
glycoprotein ligand ("PSGL-1") modulated by Core 2 GlcNAcT has been found to be a 
critical step for binding to P-selectin (Kumar et al. (1996) Blood, 88(10): 3872-3879.; Ii et al 
(1996) J. Biol Chem. 271(6): 3255-3264.). Diabetes and hyperglycemia induce Core 2 
GlcNAcT gene expression specifically in cardiac myocytes of rats, and expression of Core 2 
GlcNAcT in diabetic heart has also been associated with a stress-response and myocardial 
hypertrophy (Nishioef al, (1995) J. Clin Invest, 96(4): 1759-1767). 
[0005] A somatic mutation that prevents UDP-Gal transport into the Golgi, blocking 

O- and N-linked extensions including Core 2 structures, causes a more severe attenuation of 
metastasis than a block in either pathway alone, suggesting both O-linked Core 2 and N- 
linked branched oligosaccharides contribute to the malignant phenotype. In this regard, it 
was shown that GalNAcocR prevents Core 2 synthesis by blocking one enzyme earlier in the 
O-linked pathway, and it reduces invasion and metastasis. It has also been found that an 
increased expression of Core 2 GlcNAcT in colorectal cancer cells is closely correlated with 
the progression of the disease (Shimodaira et al (1997) Cancer Res., 57(23): 5201-5206). 
[0006] The citation of any reference herein is not an admission that such reference is 

available as prior art to the instant invention. 

SUMMARY OF THE INVENTION 
[0007] The present invention provides novel mutant polypeptides of Core 2 0-1,6- 

N-acetylglycosaminyltransferase (Core 2 GlcNAcT).. A Core 2 GlcNAcT mutant 
polypeptide, (and/or in the appropriate context a fusion or chimeric Core 2 GlcNAcT mutant 
polypeptide), is sometimes referred to herein as "C2 mutant" or "C2 mutant polypeptide". 
[0008] In an aspect of the invention, an isolated Core 2 GlcNAcT polypeptide is 

provided wherein amino acid 217 is any amino acid other than cysteine. 
[0009] A particular mutant of the present invention is a polypeptide having an 

amino acid sequence of a Core 2 GlcNAcT wherein amino acid residues of the Core 2 
GlcNAcT are replaced or deleted providing a Core 2 GlcNAcT with increased stability 
while retaining Core 2 GlcNAcT activity. 
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[0010] In an aspect the original cysteine residue corresponding to position 217 of a 

naturally occurring Core 2 GlcNAcT is replaced by a substitution amino acid residue or is 
deleted. Alteration of cysteine 217 of Core 2 GlcNAcT increases stability of the enzyme 
while retaining Core 2 GlcNAcT activity. 

[0011] In a particularly preferred embodiment, the cysteine residue at original amino 

acid position 217 is replaced by a serine residue or alanine residue. 
[0012] Core 2 GlcNAcT mutant polypeptides of the present invention have Core 2 

GlcNAcT activity and have enhanced stability. In certain embodiments, Core 2 GlcNAcT 
mutant polypeptides of the invention also have K m values for the Core 2 GlcNAcTl donor 
substrate and acceptor substrate that can be substantially the same as a native Core 2 
GlcNAcTl. The inhibitory potential of the glycosyltransferase products, UDP and 
GlcNAc(pl-6)Gal(Pl-3)GalNAccc-pNp, can be substantially the same for a C2 mutant of 
the invention and a native Core 2 GlcNAcTl. Similar to the native or wild type enzyme, C2 
mutants of the invention do not use UDP-Glc as a substrate. In certain embodiments, this 
invention contemplates mutant polypeptides that comprise conservative substitutions of the 
mutant polypeptides described herein. 

[0013] Other additions, substitutions, and/or deletions may be made to the C2 

mutants of the present invention. For example, a mouse C2 mutant may optionally include a 
second amino acid substitution at position cysteine 235. Alternatively, one or more of the 
terminal amino acid residues may be deleted from the nucleic acid sequence, as is known to 
those skilled in the art, while substantially retaining the improved properties of the C2 
mutants. In an embodiment, N-terminal amino acid residues are deleted. 
[0014] The present invention also relates to nucleic acid molecules or 

polynucleotides encoding a C2 mutant polypeptide. 

[0015] The polynucleotides can be used to transform host cells to express the C2 

mutants of the invention. They can also be used as a probe to detect related enzymes. The 
polynucleotides can be used as DNA sizing standards. 

[0016] The present invention still further relates to recombinant vectors that include 

the nucleic acid molecules of the invention. The nucleic acid molecules of the invention 
may be inserted into an appropriate vector, and the vector may contain the necessary 
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elements for the transcription and translation of an inserted coding sequence. Accordingly, 
vectors may be constructed which comprise a nucleic acid molecule of the invention, and 
where appropriate one or more transcription and translation elements linked to the nucleic 
acid molecule. 

[0017] A vector can be used to transform host cells. Therefore, the invention 

provides host cells containing a vector of the invention. As well, the invention provides 
methods of making such vectors and host cells. 

[0018] The mutant C2 polypeptides of the invention can be encoded, expressed, and 

purified by any one of a number of methods known to those skilled in the art. Preferred 
production methods will depend on many factors including the costs and availability of 
materials and other economic considerations. The optimum production procedure for a 
given situation will be apparent to those skilled in the art through minimal experimentation. 
[0019] In accordance with an aspect of the present invention, there is provided a 

process for producing a C2 mutant by recombinant techniques utilizing the nucleic acid 
5 molecules of the invention. The method may comprise culturing recombinant host cells 
containing a-nucleic acid sequence encoding a C2 mutant, under conditions promoting 
expression of the C2 mutant, and subsequent recovery of the C2 mutant. 
[0020] In one aspect the invention provides a method for preparing a C2 mutant 

comprising: (a) transferring a vector of the invention comprising a nucleic acid molecule 
20 encoding a C2 mutant into a host cell; (b) selecting transformed host cells from 

untransformed host cells; (c) culturing a selected transformed host cell under conditions 
which allow expression of the C2 mutant; and (d) isolating the C2 mutant. 
[0021] The invention further contemplates a recombinant C2 mutant polypeptide 

obtained using a method of the invention. 

[0022] A C2 mutant polypeptide of the invention may be conjugated with other 

molecules, such as polypeptides, to prepare fusion polypeptides or chimeric polypeptides. 
This may be accomplished, for example, by the synthesis of N-terminal or C-terminal fusion 
polypeptides. 

[0023] The invention further contemplates antibodies having specificity against a C2 

mutant polypeptide of the invention. Antibodies may be labeled with a detectable substance 
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and used to detect C2 mutant polypeptides. In another embodiment, the invention provides 
an isolated antibody that binds specifically to a C2 mutant polypeptide. 

[0024] Because of their improved properties, the C2 mutants of the present 

invention are particularly well suited for use in screening methods for identifying 
modulators of Core 2 GlcNAcTs. In one aspect of the invention, a method is provided 
wherein the C2 mutants are used to identify inhibitors of Core 2 GlcNAcTs. 
[0025] Still further the invention provides a method for evaluating a test compound 

for its ability to modulate the biological activity of Core 2 GlcNAcTs. "Modulate" refers to 
a change or an alteration in the biological activity of a Core 2 GlcNAcT. Modulation may 
be an increase or a decrease in activity, a change in characteristics (e.g., kinetic 
characteristics), or any other change in the biological, functional, or immunological 
properties of the polypeptide. 

[0026] In an embodiment of the invention a method is provided for screening a 

compound for effectiveness as an antagonist of a Core 2 GlcNAcT, comprising the steps of 
a) contacting a C2 mutant polypeptide with a test compound, under conditions wherein 
antagonist activity of the polypeptide can be detected, and b) detecting antagonist activity. 
[0027] The substances and compounds identified using the methods of the 

invention, may be used to modulate the biological activity of a Core 2 GlcNAcT, and they 
may be used in the treatment of conditions mediated by a Core 2 GlcNAcT such as 
inflammatory disorders, liver disorders, kidney disorders, skeletal muscle disorders, 
cardiovascular disorders, diabetes, infectious diseases, hormonal disorders, parasitic 
diseases, and proliferative diseases such as cancer. Accordingly, the substances and 
compounds may be formulated into compositions for administration to individuals suffering 
from one or more of these conditions. Therefore, the present invention also relates to a 
composition comprising one or more of a substance or compound identified using a method 
of the invention, and a pharmaceutical^ acceptable carrier, excipient or diluent. A method 
for treating or preventing these conditions is also provided comprising administering to a 
patient in need thereof, a composition of the invention. 

[0028] Having provided a novel C2 mutant polypeptide with Core 2 transferase 

activity, and nucleic acids encoding same, the invention accordingly further provides 
methods for preparing oligosaccharides and/or polysaccharides e.g., two or more 
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saccharides, including sLe x antigens. In specific embodiments, the invention relates to a 
method for preparing an oligosaccharide comprising contacting a reaction mixture 
comprising a sugar donor, and an acceptor in the presence of a C2 mutant polypeptide of the 
invention. 

5 [0029] In accordance with a further aspect of the invention, there are provided 

processes for utilizing polypeptides or nucleic acid molecules, for in vitro purposes related 
to scientific research, synthesis of DNA and manufacture of vectors. 
[0030] These and other aspects, features, and advantages of the present invention 

should be apparent to those skilled in the art from the following drawings and detailed 

10 description. 

BRIEF DESCRIPTION OF THE DRAWINGS 
[0031] The invention will be better understood with reference to the drawings in 

which: 

[0032] Figure 1 is a graph illustrating that the C2 mutant mouse C217S is not 

15 inhibited by the reagents that target free thiol groups. 

[0033] Figure 2 is a graph illustrating that the C2 mutant human C217S is not 

inhibited by the reagents that target free thiol groups. 

[0034] Figures 3A and 3B provide an analysis of the small scale purification of 

FLAG-tagged wild type mouse Core 2 GlcNAcTl and FLAG-tagged C217S mouse Core 2 

20 GlcNAcTl by SDS-PAGE with SimplyBlue™ SafeStain (Figure 3A) and by Western 
blotting with an anti-FLAG antibody (Figure 3B). Figure 3A: lane 1: M.W. marker 
(SeeBlue Plus2™); lane 2: 20 /xL of culture supernatant from the cells transfected with 
wild-type mouseCore2L-FLAG construct; lane 3: 3 fig of purified wild mouseCore2L- 
FLAG polypeptide; lane 4: 20 (iL of culture supernatant from the cells transfected with 

25 C217S mutant mouseCore2L-FLAG construct; lane 5: 3 fig of purified C217S mutant 
mouseCore2L-FLAG polypeptide. Figure 3B: lane 1: M.W. marker (SeeBlue Plus2™); 
lane 2: 10 fiL of culture supernatant from the cells transfected with wild-type 
mouseCore2L-FLAG construct; lane 3: 0.1 fxL of purified wild mouseCore2L-FLAG 
polypeptide; lane 4: 10 (iL of culture supernatant from the cells transfected with C217S 
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mutant mouseCore2L-FLAG construct; lane 5: 0.1 pg of purified C217S mutant 
mouseCore2L-FLAG polypeptide. 

[0035] Figures 4A and 4B provide an analysis of the large scale purification of 

FLAG-tagged C217S mouse Core 2 GlcNAcTl by SDS-PAGE with SimplyBlue™ 
5 SafeStain (Figure 4A) and with Silver Stain Plus™ (Figure 4B). Figure 4A lane 1: M.W. 
marker (SeeBlu Plus2™), lane 2: 2 microgram purified mouse C217S mutant polypeptide. 
Figure 4Blanel: M.W. marker (SeeBlu Plus2™), lane 2: 2 microgram purified mouse 
C217S mutant polypeptide. 

ttRTFF DESCRIPTION OF THE SEQUENCES 
10 [0036] SEQ ID NO:l is a nucleic acid sequence encoding human Core 2 GlcNAcTl. 

(GenBank Accession No. M97347.) 

[0037] SEQ ID NO:2 is a nucleic acid sequence encoding human Core 2 GlcNAcTl 

fusion construct. 

[0038] SEQ ID NO:3 is an amino acid sequence of human Core 2 GlcNAcTl . 

15 (GenBank Accession No. AAA35919.) 

[0039] SEQ ID NO:4 is an amino acid sequence of human Core 2 GlcNAcTl fusion 

construct. 

[0040] SEQ ID NO:5 is a nucleic acid sequence encoding mouse Core 2 GlcNAcTl . 

(GenBank Accession No.U19265.) 
20 [0041] SEQ ID NO:6 is a nucleic acid sequence encoding mouse Core 2 GlcNAcTl 

fusion construct. 

[0042] SEQ ID NO:7 is an amino acid sequence of mouse Core 2 GlcNAcTl . 

(GenBank Accession No. Q09324.) 

[0043] SEQ ID NO:8 is an amino acid sequence of mouse Core 2 GlcNAcTl fusion 

25 construct. 

[0044] SEQ ID NO:9 is an amino acid sequence of a human Core 2 GlcNAcTl 

Cys217-> Ser mutant polypeptide. 



WO 2004/111196 



PCT/US2004/018491 



[0045] SEQ ID NO: 10 is an amino acid sequence of a human Core 2 GlcNAcTl/S- 

tag fusion protein including Tag and EK site in bold and Cys217-> Ser mutation in large 
print. 

[0046] SEQ ID NO: 1 1 is an amino acid sequence of a mouse Core 2 GlcNAcTl 

5 Cys217 — » Ser mutant polypeptide. 

[0047] SEQ ID NO: 12 is an amino acid sequence of a mouse Core 2 GlcNAcTl 

Cys217 -> Ser mutation/FLAG-tag fusion protein including Tag and EK site in bold and 
Cys217 — > Ser mutation in large print. 

[0048] SEQ ID NO: 13 is a nucleic acid sequence encoding a human Core 2 

10 GlcNAcTl Cys217 -> Ser mutant polypeptide. 

[0049] SEQ ID NO: 14 is a nucleic acid sequence encoding a human Core 2 

GlcNAcTl Cys217 -> Ser mutation construct. 

[0050] SEQ ID NO: 15 is a nucleic acid sequence encoding a mouse Core 2 

GlcNAcTl Cys217 -» Ser mutant polypeptide. 
15 [0051] * SEQ ID NO: 16 is a nucleic acid sequence encoding a mouse Core 2 
GlcNAcTl Cys217 -* Ser mutation construct. 

[0052] SEQ ID NO: 17 is an amino acid sequence of a human Core 2 GlcNAcTl 

Cys217 -» Ala mutant polypeptide. 

[0053] SEQ ID NO: 1 8 is an amino acid sequence of a human Core 2 GlcNAcTl 

20 Cys217 -> Ala mutation construct. 

[0054] SEQ ID NO: 19 is an amino acid sequence of a mouse Core 2 GlcNAcTl 

Cys217 -» Ala mutant polypeptide. 

[0055] SEQ ID NO:20 is an amino acid sequence of a mouse Core 2 GlcNAcTl 

Cys2 17 -» Ala mutation construct. 
25 [0056] SEQ ID NO:21 is a nucleic acid sequence encoding a human Core 2 

GlcNAcTl Cys217 -> Ala mutant polypeptide. 

[0057] SEQ ID NO:22 is a nucleic acid sequence encoding a human Core 2 

GlcNAcTl Cys217 -» Ala mutation construct. 

-8- 
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[0058] SEQ ID NO:23 is a nucleic acid sequence of a mouse Core 2 GlcNAcTl 

Cys217 -> Ala mutant polypeptide. 

[0059] SEQ ID NO:24 is a nucleic acid sequence encoding a mouse Core 2 

GlcNAcTl Cys217 Ala mutation construct. 
5 [0060] SEQ ID NO:25 is an amino acid sequence identified in a mutant Core 2 

GlcNAcTl polypeptide of the invention. 

[0061] SEQ ID NO:26 is a mutagenic primer used in the preparation of a mouse Cys 

217S mutant polypeptide. 

[0062] SEQ ID NO:27 is a mutagenic primer used in the preparation of a mouse Cys 

10 217T mutant polypeptide. 

[0063] SEQ ID NO:28 is a mutagenic primer used in the preparation of a mouse Cys 

217 A mutant polypeptide. 

[0064] SEQ ID NO:29 is a nucleic acid sequence encoding a human Core 2 

GlcNAcTl wildtype construct. 
15 [0065] SEQ ID NO:30 is a nucleic acid sequence encoding a mouse Core 2 

GlcNAcTl wildtype construct. 

DETAILED DESCRIPTION 
[0066] In accordance with the present invention there may be employed 

conventional molecular biology, microbiology, and recombinant DNA techniques within the 

20 skill of the art. Such techniques are explained fully in the literature. See for example, 

Sambrook, Fritsch, & Maniatis, Molecular Cloning: A Laboratory Manual, Second Edition 
(1989) Cold Spring Harbor Laboratory Press, Cold Spring Harbor, NY); DNA Cloning: A 
Practical Approach, Volumes I and n (D.N. Glover ed. 1985); Oligonucleotide Synthesis 
(M..J. Gait ed. 1984); Nucleic Acid Hybridization B.D. Hames & S J. Higgins eds. (1985); . 

25 Transcription and Translation B.D. Hames & S.J. Higgins eds (1984); Animal Cell Culture 
R.L Freshney, ed. (1986); Immobilized Cells and enzymes IRL Press, (1986); and B. Perbal, 
A Practical Guide to Molecular Cloning (1984). 
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Glossary 

[0067] The term "Core 2 GlcNAcT" or "Core 2 transferase", as used herein, 

includes naturally occurring ("native" or "wildtype") Core 2 GlcNAcTs, as well as non- 
naturally occurring polypeptides (e.g., recombinant polypeptides) having an amino acid 

5 ~ sequence duplicative of that of naturally occurring Core 2 GlcNAcT which catalyses a 
reaction identical to that of native protein when expressed in a host cell. The term also 
includes allelic, species and tissue variants. An allelic variant differs from a native or wild 
type Core 2 GlcNAcT by only one, or at most, a few amino acid substitutions. A species 
variation of the polypeptide is a variation that is naturally occurring among different species 

10 of an organism. A Core 2 GlcNAcT may be a Core 2 GlcNAcT L form (Tl), in particular, 
human Core 2 GlcNAcT [see SEQ E> NO:3; see also GenBank Accession No. 
AAA35919(aa) and M97347(nt)], mouse Core 2 GlcNAcT [see SEQ ID NO:7; see also 
GenBank Accession No.Q09324 (aa) and U19265 (nt)], or a Core 2 GlcNAcT from another 
species. 

15 [0068] "Core 2 GlcNAcT activity" or "Core 2 transferase activity" refers to the 

conversion of core 1 to Core 2 structures by a Core 2 GlcNAcT. Catalytic activity of a Core 
2 GlcNAcT is substantially the same as a native Core 2 GlcNAcT. Catalytic activity is 
considered "substantially the same" if it is identical to the activity obtained for a native Core 
2 GlcNAcT, or it may be 2 to 10 fold, 2 to 5 fold, or 2 to 3 fold less active compared to the 
20 activity of a native Core 2 GlcNAcT. 

[0069] Catalytic activity is assessed by comparing the activity of a C2 mutant (e.g., 

catalytic efficiency and kinetic parameters) with that of a wild type or native Core 2 
GlcNAcT. Activity of a C2 mutant may be measured against one or more test substrates, for 
example, as illustrated in the examples. 
25 [0070] The term "mutant" as used herein refers to a Core 2 GlcNAcT where at least 

one of the amino acid residues is replaced by a substitution amino acid residue, or is 
deleted. A mutant polypeptide has advantageous properties compared to the wildtype 
polypeptide. In an aspect, the mutant polypeptide has increased stability compared to the 
wildtype polypeptide. 

30 [0071] The term "substitution amino acid" refers to an amino acid which replaces a 

naturally occurring amino acid, and which is different from the original amino acid. A 
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substitution amino acid is selected so that it does not block critical substrate interactions or 
drastically alter folding/conformation of the enzyme. In certain embodiments, a substitution 
amino acid imparts increased stability to the mutant and is generally an amino acid that is 
not sensitive to oxidation, alkylation, and/or heavy metal binding. In particular, a 
5 substitution amino acid is insensitive to inactivation caused by air oxidation, oxidative 
agents, thiol-reactive agents, and heavy metals. Examples of such amino acids include the 
natural amino acids serine (Ser), alanine (Ala), and valine (Val), and corresponding 
unnatural amino acids in their D and L stereoisomers (e.g., N-methylvaline, norvaline), and 
their analogs. 

10 [0072] The term "analogs" in reference to an amino acid refers to an amino acid 

wherein either the C-terminal carboxy group, the N-terminal amino group or side-chain 
functional group has been chemically modified to another functional group. Amino acid 
analogs include the natural and unnatural amino acids which are chemically blocked, 
reversibly or irreversibly, or modified on their N-terminal amino group or their side-chain 

15 groups. Examples of amino acid analogs of serine, alanine, and valine include but are not 
limited to IJD-N-methylserine, L/D-N-methyl alanine, L/D-N-methylvaline, L-serine 
hydroxamate, N-(2-aminoethyl)-b-alanine, D-valine-OH, L-alanine-OH, L/D-serine(tBu)- 
OH, N-Methyl-L/D-alanine-OH, and N-methyl-L/D-valine-OH. 

[0073] In an embodiment of the invention, the substitution amino acid is serine at 

20 position cysteine 217 of a wildtype Core 2 GlcNAcT. 

[0074] In another embodiment of the invention, the substitution amino acid is 

alanine at position cysteine 217 of a wildtype Core 2 GlcNAcT. 

[0075] "Stability" as used herein in relation to a C2 mutant polypeptide means the 

C2 mutant polypeptide is not sensitive, or has decreased sensitivity to oxidation, alkylation, 
25 or heavy metal binding. In particular, it refers to a decreased sensitivity to thiol targeted 
reagents compared to the wildtype enzyme. In an aspect, the term refers to insensitivity to 
inactivation caused by air oxidation, oxidative agents, thiol-reactive agents, and heavy 
metals. 

[0076] The terms "nucleic acid" or "nucleic acid molecule" or "oligonucleotide" or 

30 grammatical equivalents herein refer to at least two nucleotides covalently linked together. 
These terms are intended to include modified or unmodified DNA, RNA, or a mixed 
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polymer, and can be either single-stranded, double-stranded or triple-stranded, and 
represents the sense or antisense strand. For example, a nucleic acid sequence may be a 
single-stranded or double-stranded DNA, DNA that is a mixture of single-and double- 
stranded regions, or single-, double- and triple-stranded regions, single- and double-stranded 
5 RNA, RNA that may be single-stranded, or more typically, double-stranded, or triple- 
stranded, or a mixture of regions comprising RNA or DNA, or both RNA and DNA. The 
strands in such regions may be from the same molecule or from different molecules. The 
DNAs or RNAs may contain one or more modified bases. For example, the DNAs or 
RNAs may have backbones modified for stability or for other reasons. Thus, nucleic acid 
10 analogs are included that may have alternate backbones, comprising, for example, 

phosphoramide (Beaucage et al. (1993) Tetrahedron 49(10):1925) and references therein; 
Letsinger (1970) J. Org. Qiem. 35:3800; Sprinzl etal (1977) Eur. J. Biochem. 81: 579; 
Letsinger et al. (1986) Nucl. Acids Res. 14: 3487; Sawai et al. (1984) Chem. Lett. 805, 
Letsinger et al. (1988) J. Am. Chem. Soc. 110: 4470; and Pauwels et al. (1986) Cltemica 
15 Scripta 26: 1419), phosphorothioate (Mag et al. (1991) Nucleic Acids Res. 19:1437; and 
U.S. Patent No. 5,644,048), phosphorodithioate (Briu et al. (1989) /. Am. Chem. Soc. Ill 
:2321, O-methylphophoroamidite linkages (see Eckstein, Oligonucleotides and Analogues: 
A Practical Approach, Oxford University Press), and peptide nucleic acid backbones and 
linkages (see Egholm (1992) J. Am. Chem. Soc. 114:1895; Meier et al. (1992) Chem. Int. 
20 Ed. Engl. 31: 1008; Nielsen (1993) Nature, 365: 566; Carlsson et al. (1996) Nature 380: 
207). Other analog nucleic acids include those with positive backbones (Denpcy et al. 
(1995) Proc. Natl. Acad. Sci. USA 92: 6097; non-ionic backbones (U.S. PatentNos. 
5,386,023, 5,637,684, 5,602,240, 5,216,141 and 4,469,863; Letsinger et al. (1988) J. Am. 
Chem. Soc. 110:4470; Letsinger et al. (1994) Nucleoside & Nucleotide 13:1597; Chapters 2 
25 and 3, ACS Symposium Series 580, "Carbohydrate Modifications in Antisense Research", 
Ed. Y.S. Sanghui and P. Dan Cook; Mesmaeker et al. (1994), Bioorganic & Medicinal 
Chem. Lett. 4: 395; Jeffs et al. (1994) J. Biomolecular NMR 34:17; Tetrahedron Lett. 
37:743 (1996)) and non-ribose backbones, including those described in U.S. Patent Nos. 
5,235,033 and 5,034,506, and Chapters 6 and 7, ACS Symposium Series 580, Carbohydrate 
30 Modifications in Antisense Research, Ed. Y.S. Sanghui and P. Dan Cook. Nucleic acids 
containing one or more carbocyclic sugars are also included within the definition of nucleic 
acids (see Jenkins et al. (1995), Chem. Soc. Rev. ppl69-176). Several nucleic acid analogs 
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are described in Rawls, C & E News June 2, 1997 page 35. These modifications of the 
ribose-phosphate backbone may be done to facilitate the addition of additional moieties 
such as labels, or to increase the stability and half-life of such molecules in physiological 
environments. 

5 [0077] The term "nucleic acid molecule" and in particular DNA or RNA, refers only 

to the primary and secondary structure and it does not limit it to any particular tertiary 
forms. 

[0078] The terms "amino acid" or "amino acid residue" as used herein refers to 

natural, synthetic, or modified amino acids. 
10 [0079] The terms "polypeptide", "peptide" and "protein" are used interchangeably 

herein to refer to a polymer of amino acid residues. The terms apply to amino acid 
polymers in which one or more amino acid residues is an artificial chemical analogue of a 
corresponding naturally occurring amino acid, as well as to naturally occurring amino acid 
polymers. 

15 [0080] The term "conservative substitution" is used in reference to proteins or 

' peptides to reflect amino acid substitutions that do not substantially alter the activity and/or 
binding affinity of the molecule. Typically conservative amino acid substitutions involve 
substitution one amino acid for another amino acid with similar chemical properties (e.g., 
charge or hydrophobicity). The following six groups each contain amino acids that are 

20 typical conservative substitutions for one another: 1) Alanine (A), Serine (S), Threonine 
(T); 2) Aspartic acid (D), Glutamic acid <E); 3) Asparagine (N), Glutamine (Q); 4) 
Argmine (R), Lysine (K); 5) Isoleucine (I), Leucine (L), Methionine (M), Valine (V); and 
6) Phenylalanine (F), Tyrosine (Y), Tryptophan (W). 

[0081] A "fusion molecule" refers to any molecule that is to be attached (directly or 

25 though a linker) to a Core 2 GlcNAcT polypeptide of this invention. Preferred fusion 

molecules are proteins that can be expressed as a fusion protein with the Core 2 GlcNAcT 
polypeptide. 

[0082] The term "specifically binds", as used herein, when referring to a 

biomolecule (e.g., protein, nucleic acid, antibody, etc.), refers to a binding reaction which is 
30 determinative of the presence of a biomolecule in a heterogeneous population of molecules 
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(e.g., proteins and other biologies). Thus, under designated conditions {e.g., immunoassay 
conditions in the case of an antibody or stringent hybridization conditions in the caise of a 
nucleic acid), the specified ligand or antibody binds to its particular "target" molecule and 
does not bind in a significant amount to other molecules present in the sample. In certain 
5 embodiments, an antibody specifically binds its target {e.g., a Core 2 GlcNAcT polypeptide 
of this invention) with a Kd greater than about 10" 6 M or 1(T 7 M, preferably greater than 
about 10' 8 M, still preferably greater than about 10' 9 M, and most preferably greater than 
about 10- 10 M. 

Nucleic Acid Molecules of the Invention 
10 [0083] As hereinbefore mentioned, in certain embodiments, the invention provides 

nucleic acid molecules encoding C2 mutant polypeptides. 

[0084] In one embodiment, of the invention an isolated nucleic acid molecule is 

contemplated which comprises: 

[0085] (i) a nucleic acid sequence encoding a C2 mutant polypeptide 

15 comprising or consisting essentially of SEQ. ID. NO. 9, 10, 11, 12, 17, 18, 19,and20; 
[0086] " (ii) a nucleic acid sequence complementary to (i); 
[0087] (iii) a nucleic acid sequence differing from any of (i) or (ii) in codon 

sequences due to the degeneracy of the genetic code; and/or 
[0088] (iv) an allelic or species variation of (i), (ii) or (iii). 

20 [0089] in a specific embodiment, the isolated nucleic acid molecule comprises: 

[0090] (i) a nucleic acid sequence comprising or consisting essentially of SEQ. 

ID. NO. 13, 14, 15, 16, 21, 22, 23, and 24; 
[0091] (ii) nucleic acid sequences complementary to (i); 

[0092] (hi) nucleic acid sequences differing from any of the nucleic acid 

25 sequences of (i) or (ii) in codon sequences due to the degeneracy of the genetic code; and/or 
[0093] (iv) an allelic or species variation of (i), (ii) or (iii). 

[0094] The term "complementary" refers to the natural binding of nucleic acid 

molecules under permissive salt and temperature conditions by base-pairing. For example, 
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the sequence "A-G-T" binds to the complementary sequence 'T-C-A". Complementarity 
between two single-stranded molecules may be "partial", in which only some of the nucleic 
acids bind, or it may be complete when total complementarity exists between the single 
stranded molecules. 

5 [0095] In a preferred embodiment an isolated nucleic acid molecule of the invention 

comprises a nucleic acid sequence encoded by the amino acid sequence shown in SEQ. ID. 
NO. 9, 10, 11, 12, 17, 18, 19, and 20; or comprises the nucleic acid sequence shown in 
SEQ. ID. NO. 13, 14, 15, 16, 21, 22, 23, and 24 wherein T can also be U. 
[0096] Isolated nucleic acid molecules encoding a C2 mutant polypeptide and 

10 comprising a sequence that differs from the nucleic acid sequence of SEQ. ID. NO. 9, 10, 
11, 12, 17, 18, 19, or 20 due to degeneracy in the genetic code are also within the scope of 
the invention. Such nucleic acids encode equivalent polypeptides but differ in sequence 
from the sequence of SEQ. ID. NO. 13, 14, 15, 16, 21, 22, 23, and 24, due to degeneracy in 
the genetic code. For example, species variations i.e. variations in nucleotide sequence 
15 naturally occurring among different species, are contemplated. 

[0097] Mutations may be introduced into Core 2 GlcNAcT nucleic acid molecules 

using methods well known to those of ordinary skill in the art. In an embodiment, C2 
mutants are prepared by site-directed mutagenesis of a DNA encoding a Core 2 GlcNAcT. 
Techniques for performing site-directed mutagenesis or non-random mutagenesis are known 
20 in the art and include but are not limited to oligonucleotide-mediated mutagenesis 

(Adellman et al, (1983) DNA, 2: 183), cassette mutagenesis (Wells et al. (1985) Gene 
344:315), and binding mutagenesis (Ladner et al WO88/06630). Protocols for site-directed 
modification of proteins are well known in the art (see, for example, U.S. Patent Nos. 
5,932,419, 5,789,166, 5,705,479, 5,635,475, 5,556,747, 5,354,670, 5,352,779, 5,284,760, 
25 and 5,071,743). In addition, kits for site-directed mutagenesis are commercially available 
(see TRANSFORMER™ , Site-Directed Mutagenesis kit available from BD Biosciences 
Clontech; MutaGene phagemid in vitro mutagenesis kit available from Bio-Rad; and the 
QUICKCHANGE™ Site Directed Mutagenesis kit from Stratagene®). 
[0098] In one embodiment, the substitute amino acid residue {e.g. , serine, or, in 

30 certain embodiments, any amino acid other than cysteine or serine) is introduced into the 
selected position (e.g., cysteine 217) by ohgonucleotide-mediated mutagenesis using the 
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polymerase chain reaction technique. A nucleic acid molecule encoding a Core 2 GlcNAcT 
is carried by a suitable plasmid which can be chosen by persons skilled in the art for 
convenience or as desired. Examples of plasmids include plasmids from the pBR, pUC, 
pUB, pET, pTRiEx, pFLAG, or pHY4 series. 

[0099] For site-directed mutagenesis, a fragment containing a selected mutation site 

may be cleaved by restriction endonucleases from a gene encoding a native Core 2 GlcN AcT. 
The fragment is used as a template in a modified PCR technique (Higushi et al. (1988) Nucleic 
Acid Res., 16: 7351-7367). An oligonucleotide containing the desired mutation is used as a 
mismatch primer to initiate chain extension between 5' and 3' PCR flanking primers. In 
general, the procedure involves generating a DNA fragment containing the desired base 
substitution (e.g., cys 217 to ser) using the mismatch primer and the 5' primer. The DNA 
fragment is separated from the primers by electrophoresis, and used as the new 5' primer in a 
second PCR reaction with the 3* primer to generate the complete fragment containing the 
desired base substitution. The mutation is confirmed by sequencing and inserted back to the 
position of the original fragment. 

[0100] In a particular embodiment of the invention, a C2 mutant is produced using 

the site-directed mutagenesis technique described in U.S. Patents Nos. 5,789,166, 
5,932,419, and 6,391,548 to Bauer et al 

[0101] More than one mutation can be introduced into a Core 2 GlcNAcT, 

preferably retaining the properties of the C2 mutant described herein. For example, mutations 
(e.g., additions, substitutions, and/or deletions) can be introduced at positions in addition to 
cysteine 217, and mutations can create new restriction sites, change codon preference, or 
produce splice variants. In an embodiment, a mouse C2 mutant may optionally include a 
second amino acid substitution at cysteine 235. In another embodiment, N-terminal amino 
acids are deleted. 

[0102] Nucleic acid molecules of the invention may be chemically synthesized 

using standard techniques. Methods of chemically synthesizing polydeoxynucleotides are 
known, including but not limited to solid-phase synthesis, which like peptide synthesis, has 
been fully automated in commercially available DNA synthesizers (see e.g., Itakura et al 
U.S. Patent No. 4,598,049; Caruthers et al. U.S. Patent No. 4,458,066; and Itakura U.S. 
Patent Nos. 4,401,796 and 4,373,071). 
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T.2 Mutant Polypeptides 

[0103] In an aspect, the amino acid sequence of an isolated Core 2 mutant 

polypeptide of the invention comprises the sequence of a Core 2 GlcNAcT with an amino 
acid substitution or deletion that results in increased stability compared to the wild type 
5 Core 2 GlcNAcT while retaining the catalytic activity of a Core 2 GlcNAcT. 

[0104] In one aspect the original cysteine residue corresponding to position 217 of a 

naturally occurring Core 2 GlcNAcT is replaced by a substitution amino acid residue or is 
deleted. It was found that alteration of cysteine 217 of Core 2 GlcNAcT increases stability 
of the enzyme with retention of catalytic activity. 
10 [0105] In certain embodiments, the cysteine corresponding to position 217 of a 

naturally occurring Core 2 GlcNAcT polypeptide can be identified in the amino acid 
sequence WXYXINXCGXDFP (SEQ ID NO:25), wherein X is any amino acid residue and 
the cysteine is at the eighth position of the amino acid sequence. The cysteine residue is 
replaced or deleted as described herein. Thus, the present invention provides an isolated 
1 5 Core 2 GlcNAcT polypeptide comprising amino acid sequence WX 1 YX 2 INX 3 X 4 GX 5 DFP 
(SEQ ID NO:31), wherein each of X 1 , X 2 , X 3 and X 5 is independently any amino acid 
residue and X 4 is any residue other than cysteine, or, in certain embodiments, any residue 
otter than cysteine or serine. In certain embodiments, X 1 is lysine, arginine, or histidine, X 2 
is isoleucine, valine, or leucine, X 3 is leucine, isoleucine, or valine, X 4 is serine or alanine, 
20 and X s is isoleucine, valine, or methionine. 

[0106] In further embodiments, the isolated Core 2 GlcNAcT polypeptide comprises 

amino acid sequence WKYLINLX 4 GMDFP (SEQ ID NO:32). In particular embodiments 
X 4 is serine or alanine. In particular embodiments, the naturally occurring Core 2 GlcNAcT 
polypeptide is a human or mouse polypeptide. 
25 [0107] In an embodiment, the cysteine residue corresponding to original amino acid 

position 217 is replaced by a serine residue. In another embodiment, the cysteine residue 
corresponding to original amino acid position 217 is replaced by an alanine residue. 
[0108] In one preferred embodiment of the invention, the C2 mutant polypeptide 

comprises the amino acid sequence of SEQ ID NOs:9, 11, 17, or 19. 
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[0109] The invention also contemplates isof orms of the polypeptides of the 

invention. An isoform contains the same or different number and kinds of amino acids as 
the polypeptide of the invention, but the isoform may have a different molecular structure. 
The isoforms contemplated by the present invention preferably have the same properties as 
5 a C2 mutant polypeptide (e.g., similar Core 2 function and specificity and/or insensitivityto 
oxidative inactivation or thiol-reactive agents). For example, an isoform may have a 
different glycosylation pattern compared to a polypeptide of the invention. 
[0110] The present invention also includes a C2 mutant polypeptide conjugated with 

a selected polypeptide, or a marker polypeptide (see below), or other glycosyltransferases to 
10 produce fusion polypeptides or chimeric polypeptides. 

[0111] A C2 mutant polypeptide may be prepared using recombinant DNA 

methods. Accordingly, the nucleic acids of the present invention having a sequence that 
encodes a C2 mutant polypeptide may be incorporated in a known manner into an 
appropriate vector which ensures good expression of the polypeptide. Possible expression 
15 vectors include but are not limited to cosmids, plasmids, phages, or modified viruses {e.g., 
replication defective retroviruses, adenoviruses and adeno-associated viruses), so long as 
the vector is compatible with the host cell used. 

[0112] The invention also contemplates a vector of the invention containing a 

nucleic acid molecule of the invention, and the necessary regulatory sequences for the 
20 transcription and translation of the inserted polypeptide-sequence. Suitable regulatory 
sequences may be derived from a variety of sources, including bacterial, fungal, viral, 
mammalian, or insect genes (For example, see the regulatory sequences described in 
Goeddel (1990) Gene Expression Technology: Methods in Enzymology 185, Academic 
Press, San Diego, CA). Selection of appropriate regulatory sequences is dependent on the 
25 host cell chosen as discussed below, and may be readily accomplished by one of ordinary 

skill in the art. The necessary regulatory sequences may be supplied by the wildtype Core 2 

GlcNAcT and/or its flanking regions. 

[0113] The vectors of the invention may also contain a marker gene that facilitates 

the selection of host cells transformed or transfected with a recombinant molecule of the 
30 invention. Examples of marker genes are genes encoding a polypeptide such as G418 and 
hygromycin which confer resistance to certain drugs, P-galactosidase, chloramphenicol 
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acetyltransferase, firefly luciferase, or an immunoglobulin or portion thereof such as the Fc 
portion of an immunoglobulin preferably IgG. The markers can be introduced on a separate 
vector from the nucleic acid of interest. 

[0114] The vectors may also contain genes that encode a fusion moiety that provides 

5 increased expression of the recombinant polypeptide; increased-solubility of the 

recombinant polypeptide; and aid in the purification of the target recombinant polypeptide 
by acting as a ligand in affinity purification. For example, a proteolytic cleavage site may 
be added to the target recombinant polypeptide to allow separation of the recombinant 
polypeptide from the fusion moiety subsequent to purification of the fusion polypeptide. 
10 Typical fusion expression vectors include pGEX (Amrad Corp., Melbourne, Australia), 

pMAL (New England Biolabs, Beverly, MA), pFLAG (Sigma-Aldrich, St. Louis, MO), and 
PRTT5 (Pharmacia, Piscataway, NJ) which fuse glutathione S-transferase (GST), maltose E 
binding protein, or protein A, respectively, to the recombinant polypeptide. Another 
expression vector system that may be utilized is the pTriEX™ system (Novagen, Madison, 
15 WI). 

[0115] in one preferred embodiment of the invention, a C2 mutant polypeptide 

fusion construct comprises the amino acid sequence of SEQ ID NOs:10, 12, 18, or 20. 
[0116] The vectors may be introduced into host cells to produce a transformed or 

transfected host cell. The terms "transfected "and "transfection" encompass the introduction 

20 of nucleic acid (e.g., a vector) into a cell by one of many standard techniques. A cell is 
"transformed" by a nucleic acid when the transfected nucleic acid effects a phenotypic 
change. Prokaryotic cells can be transfected or transformed with nucleic acid by, for 
example, electroporation or calcium-chloride mediated transformation. Nucleic acid can be 
introduced into mammalian cells via conventional techniques such as calcium phosphate or 

25 calcium chloride co-precipitation, DEAE-dextran-mediated transfection, lipofectin, 

electroporation or microinjection. Suitable methods for transforming and transfecting host 
cells can be found, for example, in Sambrook et al. (1989) Molecular Cloning: A 
Laboratory Manual, 2nd Edition, Cold Spring Harbor Laboratory Press, and other 
laboratory textbooks. 

30 [0117] Suitable host cells include a wide variety of prokaryotic and eukaryotic host 

cells. For example, the polypeptides of the invention may be expressed in bacterial cells 
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such as E. coli, insect cells (using baculovirus), yeast cells, fungal cells, insect cells, and 
plant or animal cells, in particular mammalian cells. Other suitable host cells can be found in 
Goeddel (1991) Gene Expression Technology: Metliods in Enzymology 185, Academic 
Press, San Diego, CA. The methods for introducing exogenous genetic material into host 
cells are well known to the skilled artisan. 

[0118] Nucleic acid sequences coding for a C2 mutant polypeptide of the invention 

may include codons that are preferred for expression of the polypeptide in selected host 
cells, sites of cleavage by restriction endonuclease enzymes, and/or the provision of 
additional initial, terminal, or intermediate sequences which facilitate construction of 
readily expressed vectors. 

[0119] A host cell may also be chosen which modulates the expression of an 

inserted nucleic acid sequence, or modifies, and cleaves the polypeptide in a desired 
fashion. Host systems or cell lines may be selected which have specific and characteristic 
mechanisms for post-translational processing and modification of polypeptides. For 
example, eukaryotic host cells including CHO, VERO, BHK, HL60, A431, HeLa, COS, 
MDCK, 293, 3T3, and WT38 may be used. For long-term high-yield stable expression of the 
polypeptide, cell lines and host systems that stably express the gene product may be 
engineered. 

[0120] Host cells and in particular cell lines produced using the methods described 

herein may be particularly useful in screening and evaluating substances and compounds 
that modulate the activity of a Core 2 GlcNAcT. 

[0121] A C2 mutant polypeptide may also be prepared by chemical synthesis using 

techniques well known in the chemistry of polypeptides such as solid phase synthesis 
(Merrifield (1964) J. Am. Chem. Assoc., 85: 2149-2154) or synthesis in homogenous 
solution (Houbenweyl (1987) Methods of Organic Chemistry, ed E. Wansch, Vol. 15 1 and 
II, Thieme, Stuttgart). 

[0122] N-terminal or C-terminal fusion polypeptides or chimeric polypeptides 

comprising a C2 mutant polypeptide of the invention conjugated with other molecules, such 
as polypeptides (e.g., markers or other glycosyltransferases) may be prepared by fusing, 
through recombinant techniques, the N-terminal or C-terminal of a C2 mutant polypeptide, 
and the sequence of a selected polypeptide or marker polypeptide with a desired biological 
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function. The resultant fusion polypeptides contain a C2 mutant polypeptide fused to the 
selected polypeptide or marker polypeptide as described herein. Examples of peptides or 
polypeptides which may be used to prepare fusion polypeptides include immunoglobulins 
{e.g., IgG), glutathione-S-transferase (GST), protein A, HI, hemagglutinin (HA), S tag, • 
5 FLAG, P-galactosidase, maltose E binding protein, GAL, HSP, LacZ, IgG, His-tag, avidin, 
and truncated myc, or portions thereof. 

[0123] In certain embodiments, C2 mutant polypeptides of the present invention have 

Core 2 GlcNAcT activity. The activity of a C2 mutant polypeptide prepared as described 
herein may be confirmed using methods based on HPLC (Koenderman et al. (1987) FEBS 
10 Lett. 222: 42), methods employing synthetic oligosaccharide acceptors attached to 

hydrophobic aglycones (Palcic et al (1988) Glycoconjugate 5: 49; and Pierce et al (1987) 
Biochem. Biophys. Res. Comm. 146: 679), or enzyme assay methods described herein. 

Antibodies 

[0124] A C2 mutant polypeptide of the invention can be used to prepare antibodies 

15 specific for the polypeptides. Antibodies having specificity for a C2 mutant polypeptide of 
the invention may also be raised from fusion polypeptides created by expressing fusion 
polypeptides in host cells as described herein. 

[0125] Antibodies of the present invention include intact monoclonal or polyclonal 

antibodies, and immunologically active fragments (e.g., a Fab or (Fab) 2 fragment), an 

20 antibody heavy chain, an antibody light chain, humanized antibodies, human antibodies, a 
genetically engineered single chain antibody, e.g., scFv molecule, (Ladner et al, U.S. Pat. 
No. 4,946,778), or a chimeric antibody, for example, an antibody which contains the 
binding specificity of a murine antibody, but in which the remaining portions are of human 
origin. Antibodies, including monoclonal and polyclonal antibodies, fragments and 

25 chimeras, may be prepared using methods known to those skilled in the art. 

Illustrative Applications. 

[0126] The nucleic acid molecules, C2 mutant polypeptides, and antibodies of the 

invention may be used in methods for the identification of substances or compounds that 
modulate (e.g., upregulate, downregulate, etc.) the biological activity of a Core 2 GlcNAcT. 
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The identified substances and compounds may be used for the treatment of conditions 
requiring modulation of a Core 2 GlcNAcT. 

Methods for Identifying or Evaluating Siihstances/Compounds 
[0127] The methods described herein are designed to identify substances and 

5 compounds that modulate the expression or biological activity of a Core 2 GlcNAcT 
including substances that interfere with, or enhance the expression or activity of a Core 2 
GlcNAcT. 

[0128] Substances and compounds identified using the methods of the invention 

include but are not limited to peptides such as soluble peptides including Ig-tailed fusion 

10 peptides, members of random peptide libraries and combinatorial chemistry-derived 
molecular libraries made of D- and/or L-configuration amino acids, phosphopeptides 
(including members of random or partially degenerate, directed phosphopeptide libraries), 
antibodies (e.g., polyclonal, monoclonal, humanized, anti-idiotypic, chimeric, single chain 
antibodies, fragments, e.g., Fab, F(ab) 2 , and Fab expression library fragments, and epitope- 

15 binding fragments thereof), polypeptides, nucleic acids, carbohydrates, and small organic or 
inorganic molecules. A substance or compound can be an endogenous physiological 
compound or it can be a natural or synthetic compound. 

[0129] A substance or compound that modulates the expression or biological 

activity of a Core 2 GlcNAcT can, in various embodiments, act as an agonist or antagonist. 

20 The term "agonist" refers to a molecule that increases the amount of, or prolongs the 

duration of, the activity of the polypeptide. The term "antagonist" refers to a molecule that 
decreases the amount of or duration of, the activity of the polypeptide. Agonists and 
antagonists may include proteins, nucleic acids, carbohydrates, small organic molecules, or 
any other molecules that associate with a polypeptide of the invention. 

25 [0130] Substances that modulate a Core 2 GlcNAcT can be identified based on their 

ability to interfere with or enhance the activity of a C2 mutant polypeptide of the invention. 
The C2 mutant polypeptide of the invention may be used in any known assay system 
utilizing wild-type Core 2 p-l,6-N-acetylglycosaminyl transferase to screen for agonists and 
antagonists. 
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[0131] In an aspect the invention provides a method for evaluating a test substance 

for its ability to modulate the activity of a Core 2 GlcNAcT comprising: (a) contacting a 
Core 2 GlcNAcT acceptor and sugar donor with a mutant polypeptide of the invention in the 
presence of the test substance; and (b) comparing the amount of sugar donor transferred to 
5 acceptor in step (a) to the amount of sugar donor transferred to acceptor in the absence of 
the test substance. 

[0132] In another aspect, the invention provides a method for evaluating a substance 

for its ability to modulate the activity of a Core 2 GlcNAcT comprising (a) contacting an 
acceptor and a sugar donor for a Core 2 GlcNAcT and a C2 mutant polypeptide of the 
10 invention in the presence of a test substance; (b) measuring the amount of sugar donor 
transferred to acceptor, and (c) carrying out steps (a) and (b) in the absence of the test 
substance to determine if the substance interferes with or enhances transfer of the sugar 
donor to the acceptor by the C2 mutant polypeptide. 

[0133] Suitable acceptors for use in the methods of the invention include, but are not 

15 limited to saccharides, oligosaccharides, polysaccharides, glycopeptides, glycopolypeptides, 
or glycolipids which are either synthetic, with linkers at the reducing end or naturally 
occurring structures, for example, an asialo-agalacto-fetuin glycopeptide and an asialo 
mucin. Acceptors will generally comprise p-D-galactosyl-l,3-N-acetyl-D-galactosaminyl- . 

[0134] Suitable sugar donors include, but are not limited to a nucleotide sugar, 

20 dolichol-phosphate-sugar or dohchol-pyrophosphate-oUgosaccharide, for example, uridine 

diphospho-N-acetylglucosamine (UDP-GlcNAc), or derivatives or analogs thereof. 

[0135] The acceptor or sugar donor may be labeled with a detectable substance as 

described herein, and the interaction of the C2 mutant polypeptide of the invention with the 

acceptor and sugar donor will give rise to a detectable change. The detectable change may 
25 be colorimetric, photometric, radiometric, potentiometric, etc. 

[0136] An acceptor may be directly or indirectly coupled to a carrier (e.g., solid 

phase carrier) or support. 

[0137] In certain embodiments, a Core 2 mutant polypeptide is reacted with the 

acceptor and sugar donor at a pH and temperature effective for the polypeptide to transfer 
30 the sugar donor to the acceptor, and where the products of the reaction are detected. One of 
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the acceptor or donor may be labeled, to produce a detectable change or a product of the 
reaction may be converted to a secondary product that is readily measured. It is preferred to 
use a buffer with the acceptor and sugar donor to maintain the pH within the pH range 
effective for the polypeptides. The buffer, acceptor, and sugar donor may be used as an 
5 assay composition. Other compounds such as EDTA and detergents may be added to the 
assay composition. 

[0138] A Core 2 mutant polypeptide of the invention may be used in high 

throughput methods for evaluating modulators of Core 2 GlcNAcT. For example, C2 mutant 
polypeptide may be used in the high throughput screening technique described in 
10 PCT/CA99/00550 (WO 99/64378) or it may be used in a radiometric or luminometric assay. 
[0139] By way of example, a solid-phase bioassay is provided that involves 

coupling a carbohydrate acceptor for a Core 2 p-1 ,6-N-acetylglycosaminyl transferase 
enzyme to a polymer and coating onto a carrier or support; a C2 mutant polypeptide, a sugar 
nucleotide donor labeled with a detectable substance, and a test compound are added; and, 
15 the detectable change produced by the detectable substance is measured. 

[0140] Therefore, in certain embodiments, .the invention provides a solid-phase 

bioassay comprising the steps of (a) coupling a carbohydrate acceptor for a Core 2 p-l,6-N- 
acetylglycosaminyl transferase enzyme to a polymer and coating it onto a carrier or support; 
(b) adding a C2 mutant polypeptide of the invention, a sugar nucleotide donor labeled with 
20 a detectable substance, and a test compound; and, (c) detecting a detectable change 
produced by the detectable substance. 

[0141] Examples of polymers to which an acceptor may be coupled include, but are 

not limited to polyacrylamide. The carrier or support may be for example nitrocellulose, or 
glass, gabbros, or magnetite. The support material may have any possible configuration 
25 including spherical {e.g., bead), cylindrical {e.g., inside surface of a test tube or well, or the 
external surface of a rod), or flat {e.g., sheet, test strip). 

[0142] Examples of detectable substances include, but are not limited to, 

radioisotopes {e.g., 3 H, 14 C, 35 S, 125 1, 13I D, fluorescent labels {e.g., FTTC, rhodamine, 
lanthanide phosphors, quantum dots, etc.), luminescent labels such as luminol, enzymatic 
30 labels {e.g., horseradish peroxidase, beta.-galactosidase, luciferase, alkaline phosphatase, 
acetylcholinesterase), and biotinyl groups (which can be detected by marked avidin e.g., 
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streptavidin containing a fluorescent marker or enzymatic activity that can be detected by 
optical or calorimetric methods). In an embodiment of the invention, the detectable 
substance is a radioactive material, most preferably tritium. 

[0143] In an aspect of the invention, the assay involves coupling carbohydrate 

acceptors to a polymer (e.g., polyacrylamide) and coating onto a carrier, such as the surface 
of 96 well plastic plates. The Core 2 p-l,6-N-acetylglycosaminyl transferase reaction is 
performed with the C2 mutant polypeptide and a tritiated sugar-nucleotide donor, followed 
by washing, addition of scintillation counting fluid, and measurement of radioactivity with a 
P-counter. 

[0144] The reagents suitable for applying the methods of the invention to evaluate 

compounds that modulate a Core 2 p-l,6-N-acetylglycosaminyl transferase may be packaged 
into convenient kits providing the necessary materials packaged into suitable containers. 
The kits may also include suitable supports useful in performing the methods of the 
invention. 

[0145] The kits may be used to carry out the screening methods described herein. In 

one embodiment, the kitsxomprise a C2 mutant polypeptide of the invention and substrates 
for a Core 2 p-l,6-N-acetylglycosaminyl transferase. The substrates typically include an 
acceptor and a sugar donor for a Core 2 p-l,6-N-acetylglycosaminyl transferase. 
[0146] In certain embodiments, the kits are used for the detection and identification 

of modulators of Core 2 p-l,6-N-acetylglycosaminyl transferase using high-throughput 
methods. For example, the kits can be used in the high-throughput method described in 
PCT PCT/CA99/00550 (WO 99/64378). 

Com positions «nH Treatments 
[0147] The substances or compounds identified by the methods described herein, 

and antibodies of the invention may be used for modulating the biological activity of a Core 
2 p-l,6-N-acetylglycosaminyl transferase, and they may be used in the treatment of 
conditions mediated by Core 2 p-l,6-N-acetylglycosaminyl transferases. In particular, they 
may be used to modulate cellular adhesion associated with a number of disorders including 
inflammatory disorders and cancer. 
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[0148] The term "inflammatory" refers to reactions of both the specific and non- 

specific defense systems. A specific defense system reaction is a specific immune system 
reaction to an antigen. Examples of these reactions include antibody response to antigens 
such as viruses, and delayed-type hypersensitivity. A non-specific defense system reaction 
5 is an inflammatory response mediated by leukocytes (including macrophages, eosinophils, 
and neutrophils) generally incapable of immunological memory. Examples of non-specific 
reactions include the immediate swelling after a bee sting, and the collection of peripheral 
mononuclear leukocytes at sites of bacterial infection (pulmonary infiltrates in bacterial 
pneumonia and pus formation in abscesses). 
10 [0149] Treatable disorders include rheumatoid arthritis, post-ischemic leukocyte- 

mediated tissue damage (reperfusion injury), frost-bite injury or shock, acute leukocyte- 
mediated lung injury (e.g., adult respiratory distress syndrome (ARDS)), asthma, traumatic 
shock, septic shock, nephritis, and acute and chronic inflammation including atopic 
dermatitis, psoriasis, neurotoxicity related to aberrent inflammation, and inflammatory 
15 bowel disease. Various platelet-mediated pathologies such as atherosclerosis and clotting 
can also be treated. The substances and compounds may be useful in minimizing tissue 
damage accompanying thrombotic disorders. For example, the substances, compounds, 
antibodies etc. can be of therapeutic value in individuals who have recently experienced 
stroke, myocardial infarctions, deep vein thrombosis, pulmonary embolism, etc. or in pre- 
20 thrombolytic therapy. Inhibitors of Core 2 transferase may be useful in reducing 
angiogenesis as well as leukocyte adhesion and entry into inflamed tissue. 
[0150] A substance, compound, or antibody may be used to treat the secondary 

effects (e.g., pathological tissue destruction, and/or widespread microcirculatory thrombi 
and diffuse inflammation) of septic shock or disseminated intravascular coagulation (DIC). 
25 Substances, compounds, and antibodies herein may inhibit leukocyte emigration and 
mitigate tissue damage. 

[0151] A substance, compound, or antibody may also be useful in treating traumatic 

shock and associated acute tissue injury. Inhibitory substances, compounds, and antibodies 
may be administered locally or systemically to control tissue damage associated with 
30 injuries. 
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[0152] The substances and compounds identified by the methods described herein, 

and antibodies may be useful in the prevention and treatment of tumors. Tumor metastasis 
may be inhibited or prevented by inhibiting the adhesion of circulating cancer cells. The 
substances, compounds, and antibodies of the invention may be especially useful in the 
5 treatment of various forms of neoplasia such as leukemias, lymphomas, melanomas, 
adenomas, sarcomas, and carcinomas of solid tissues in patients. In particular the 
composition may be used for treating malignant melanoma, pancreatic cancer, cervico- 
uterine cancer, cancer of the liver, kidney, stomach, lung, rectum, breast, bowel, gastric, 
thyroid, neck, cervix, salivary gland, bile duct, pelvis, mediastinum, urethra, bronchogenic, 
10 bladder, esophagus and colon, and Kaposi's Sarcoma. 

[0153] The substances and compounds identified by the methods described herein, 

and antibodies of the invention may be used in the prevention and treatment of a 
cardiovascular disorder. Such a disorder may include, but is not limited to, arteriosclerosis 
including atherosclerosis and nonatheromatus arteriosclerosis, hypertension, stroke, 
15 coronary artery disease, ischemia, myocardial infarction, angina pectoris, cardiac 

arrhythmias, sinoatrial node blocks, atrioventricular node blocks, chronic hemodynamic 
overload, and aneurysm. 

[0154] Liver disorders that may be prevented or treated using the substances or 

compounds identified by the methods described herein and antibodies of the invention, 

20 include chronic hepatitis, cancer of the liver, hepatic cirrhosis, cystic disease of the liver, 
Gilbert's Syndrome, Hepatitis A, B, or C, and toxic insults to the liver. 
[0155] Other conditions that are treatable with a substance or compound identified 

in accordance with the methods described herein, and antibodies of the invention are 
proliferative disorders {e.g., microbial or parasitic infections), diabetes, skeletal muscle 

25 disorders, cardiomyopathy, and kidney disorders (e.g., polycystic kidney disease, 
glomerulonephritis). They may also be used to modulate T-cell activation and 
immunodeficiency due to the Wiskott-Aldrich syndrome or AIDS, or to stimulate 
hematopoietic progenitor cell growth, and/or confer protection against chemotherapy and 
radiation therapy in a subject. 

[0156] Accordingly, the substances, antibodies, and compounds may be formulated 

into pharmaceutical compositions for administration to subjects in a biologically compatible 



30 



-27- 



WO 2004/111196 PCT/US2004/018491 

form suitable for administration in vivo. By "biologically compatible form suitable for 
administration in vivo" is meant a form of the substance to be administered in which any 
toxic effects are outweighed by the therapeutic effects. The substances can be administered 
to living organisms including humans, and animals. Administration of a therapeutically 
5 active amount of the pharmaceutical compositions of the present invention is defined as an 
amount effective, at dosages and for periods of time necessary to achieve the desired result. 
For example, a therapeutically active amount of a substance may vary according to factors 

such as the disease state, age, sex, and weight of the individual, and the ability of antibody 

to elicit a desired response in the individual. Dosage regime can be adjusted to provide the 
10 optimum therapeutic response. For example, several divided doses may be administered 

daily or the dose may be proportionally reduced as indicated by the exigencies of the 

therapeutic situation. 

[0157] The active substance may be administered in a convenient manner such as by 

injection (subcutaneous, intravenous, etc.), oral administration, inhalation, transdermal 
15 application, or rectal administration. Depending on the route of administration, the active 
substance may be coated in a material to protect the compound from the action of enzymes, 
" acids and other natural conditions that may inactivate the compound. 

[0158] The compositions described herein can be prepared by per se known 

methods for the preparation of pharmaceutically acceptable compositions which can be 
20 administered to subjects, such that an effective quantity of the active substance is combined 
in a mixture with a pharmaceutically acceptable vehicle. Suitable vehicles are described, 
for example, in Remington's Pharmaceutical Sciences (Remington's Pharmaceutical 
Sciences, Mack Publishing Company, Easton, Pa., USA 1985). On this basis, the 
compositions include, albeit not exclusively, solutions of the substances or compounds in 
25 association with one or more pharmaceutically acceptable vehicles or diluents, and 

contained in buffered solutions with a suitable pH and, in certain embodiments, iso-osmotic 
with the physiological fluids. 

[0159] After pharmaceutical compositions have been prepared, they can be placed in 

an appropriate container and labeled for treatment of an indicated condition. For 
30 administration of a modulator (e.g., an inhibitor) of a Core 2 P -l,6-N-acetylglycosaminyl 
transferase, such labeling would include amount, frequency, and method of administration. 
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[0160] Therapeutic efficacy and toxicity of compounds, substances, and antibodies 

may be determined by standard pharmaceutical procedures in cell cultures or with 
experimental animals, such as by calculating the ED50 ( the dose therapeutically effective in 
50% of the population) or LD 5 o (the dose lethal to 50% of the population) statistics. The 
5 therapeutic index is the dose ratio of therapeutic to toxic effects and it can be expressed as 
the EDso/LDso ratio. Pharmaceutical compositions which exhibit large therapeutic indices 
are preferred. 

Methods for Preparin g Oligosaccharides 
[0161] The invention also provides a method for preparing an oligosaccharide 

10 comprising contacting a reaction mixture comprising an activated GlcNAc and an acceptor 
in the presence of a C2 mutant polypeptide of the invention. 

[0162] Examples of acceptors for use in the method for preparing an oligosaccharide 

ar saccharides, oligosaccharides, polysaccharides, glycopeptides, glycopolypeptides, or 
glycolipids which are either synthetic with linkers at the reducing end or naturally occurring 
15 structures, for example, an asialo-agalacto-fetuin glycopeptide or an asialo mucin. The 
activated GlcNAc may be part of a nucleotide-sugar, a dolichol-phosphate-sugar, or 
dolichol-pyrophosphate-oligosaccharide. 

[0163] In an embodiment of the invention, the ohgosaccharides are prepared on a 

carrier that is non-toxic to a mammal, in particular a human such as a lipid isoprenoid or 
20 polyisoprenoid alcohol. An example of a suitable carrier is dolichol phosphate. The 
oligosaccharide may be attached to a carrier via a labile bond allowing for chemical 
removal of the oligosaccharide from the lipid carrier. In the alternative, the C2 mutant 
polypeptide may be used to transfer the oligosaccharide from a lipid carrier to a 
polypeptide. 



25 



EXAMPLES 

[0164] The following examples are offered to illustrate, but not to limit the claimed 

invention. 
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Example 1 

Preparation of C2 Mutants bv Site- ™^^ Mutagenesis 
[0165] Double stranded plasmid DNA from an S-tagged human wild type Core 2 

GlcNAcTl construct (SEQ ID NO: 29) and from a FLAG-tagged mouse wild type Core 2 

5 GlcNAcTl construct (SEQ ID NO: 30) was isolated using the Gibco BRL® plasmid midi 
plasmid prep system. The human or mouse Core2 cysteine at position 217 was mutated to 
either a serine or alanine using the QuickChange™ site directed mutagenesis kit from 
Stratagene® following manufacturer's instructions. Each mutated construct was sent for 
sequencing to confirm each mutation as well as the rest of the wild type sequence. Plasmid 

10 preparation for each mutated construct was performed and then used for transient 

transfections into COS-7, CHO, or CHO-S cell lines using Lipofectamine2000™ according 
to manufacturer's instructions. 

[0166] Details of the preparation of the human and mouse Core 2 mutants are 

described below. 

15 Human Core r GlcNAcTl Mutant 

[0167] The human Core 2 GlcNAcTl cDNA (subcloned into a modified pTriEX-4 

vector) was mutated at the nucleotide level such that a G was replaced with a C nucleotide 
to generate a protein where a Cysteine was mutated to a Serine amino acid at position 217. 
These experiments were performed following the instructions of the QuickChange site- 
20 directed mutagenesis kit from Stratgene. The vector (HC2Lcys217Ser) was transiently 
transacted into COS-7 using Lipofectamine2000™ (Invitrogen) following the 
manufacturer's instructions. COS-7 cells were split 1/8 to 1/10 dilution into T75cm 2 flasks 
the day before transfection. The cells were incubated in D-MEM + 10% FBS for at least 16 
hours at 37°C in 5% C0 2 to ensure the cells were 80-90% confluent and that there was 
25 efficient cell attachment on the day of transfection. Prior to transfection, the media was 
replaced with 20ml D-MEM, 10% FBS, O.lmM non-essential amino acids and 2mM L- 
Glutamine. Two solutions were prepared for transfection whereby the first solution 
(solution A) was composed of 32.25ng of either pTRI-EX™ (Novagen) N-terminal S- 
tagged wild-type or mutant (Cys 217 Ser) human Core 2 GlcNAcTl cDNA being added to 
30 2.5ml of OPTI-media™ (GIBCO, BRL). The second solution (Solution B) contains 
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62.46|xl of Lipofectarnine2000™ (Irivitrogen) mixed with 2.5ml OPTI-media™ 
(GIBCO/BRL). Solution B was allowed to sit at room temperature for 5 minutes before 
mixing the two solutions together. The mixed Solutions A and B were incubated at room 
temperature for 20 minutes before adding them to the COS-7 cells. The COS-7 
cells/T75cm 2 flask was then incubated at 37°C in 5% C0 2 for at least 48 hours. 
[0168] Forty-eight hours post transfection, media were collected and the COS-7 

transfected cells were harvested with a cell scrapper to determine Core 2 GlcNAcTl 
activity. This was followed by Western blot analysis. The scrapped cells were transferred to 
Eppendorf tubes and spun at low speed (600 x g) between 3 washing steps with lxPBS. 
Subsequently, the cells were lysed in 0.1 M Tris-HCl (pH 8.0). 0.1% Triton X-100, and 5ul 
assayed for Core 2 GlcNAcTl activity using a standard Core2 assay described herein. 
• Similarly, the media was also spun at low speed (600 x g) to remove dead cell debris. 
[0169] One milliliter of transfected media was mixed with 2mls of lxBind/Wash 

(20mM Tris-HCl pH7.5, 0.15MNaCl, 0.1% Triton X-100) buffer™ (Novagen) and 1ml of 
S-protein (50% slurry in 50mM Tris-HCl, pH7.5, 150mM NaCl, ImM EDTA, 0.02% 
sodium azide) Agarose™ (Novagen). The mixture was incubated at room temperature with 
gentle shaking to ensure efficient binding between the N-terminal S-tagged wild-type or 
mutant (Cys 217 Ser) human Core 2 GlcNAcTl and the S-protein Agarose. The mixture was 
spun at low speed (500 x g) between 3 washing steps with 10 mis of lxlxBind/Wash buffer 
™ (Novagen). The S-protein Agarose was resuspended in 500^1 of lxBind/Wash buffer™ 
(Novagen) and 25 |xl was subjected for Western-blot analysis. 

[0170] Approximately 200ul of S-protein agarose/Core 2 GlcNAcTl suspension 

was separated into a clean eppendorf tube and the thrombin reaction was set up utilizing the 
Biotinylated Thrombin™ (Novagen). The optimal conditions were previously determined 
to be 2.5units/3nl (lx stock concentration, 0.83units/ul) of Biotinylated Thrombin™ 
(Novagen) incubated on a shaker at room temperature for up to 2 hours. Following a 2 
hour incubation, the reaction mixture was spun at low speed (500 x g) for 5 minutes and the 
supematent (eluate) was transferred to a clean tube. The pellet was washed 2 times with 
400ui of lxBind/Wash buffer™ (Novagen) between spinning at low speed (500 x g) and all 
the washes were added into the eluate. The removal of Biotinylated Thrombin™ (Novagen) 
was achieved by adding 200ul of Streptavidin (50% slurry in phosphate buffer, pH7.5 
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0.02% sodium azide) Agarose™ (Novagen) into the pooled supernatant and incubated at 
room temperature with shaking for 10 minutes. The Streptavidin Agarose™ (Novagen) was 
removed by spinning the suspension at low speed (500 x g) and the supernatant was then 
transferred to a 2ml eppendorf tube. The pellet/ Streptavidin Agarose™ (Novagen) was 
5 washed 2 times with 200ul of lxBind/Wash buffer ™ (Novagen) between spinning at low 
speed (500 x g) and again all supematants were pooled together in the same 2ml eppendorf 
tube. Characterization analysis of both the wild-type and mutant (Cys 217 Ser) human Core 2 
GlcNAcTl enzyme was performed. 

Mouse Core 2 filrNAcTl Mutant 
10 [0171] The mouse Core 2 GlcNAcTl coding sequence, nucleotides 100 -1287, was 

subcloned into a pFLAG -CMV-3 expression vector (Sigma, St.Louis, MO, USA) in a Bgl 
Il-Xbal insert site. 

[0172] To generate a nucleic acid encoding the mouse C217S mutant, the mouse 

Core 2 GlcNAcTl coding sequence, nucleotides 100 - 1287, subcloned into a pFLAG - 

15 CMV-3 expression vector, was mutated at base pair 650. A G nucleotide was exchanged 
for a C nucleotide to encode a serine residue with the QuickChange site-directed 
mutagenesis kit from Stratagene (La Jolla, CA). The mutagenic primer had the following 
sequence: 5'-TAC TTG ATC AAT CTC TCT GOT ATG GAT TTC CCT (SEQ ID 
NO:26). The underlined sequence encodes the Cys-Ser exchange. 

20 [0173] To generate a nucleic acid encoding the mouse C217T mutant, the mouse 

Core 2 GlcNAcTl coding sequence, nucleotides 100 -1287, subcloned into a pFLAG - 
CMV-3 expression vector, was mutated at base pairs 649 and 650. The T and G nucleotides 
were exchanged for A and C nucleotides with the QuickChange site-directed mutagenesis 
kit from Stratagene. The mutagenic primer had the following sequence: 5'-TAC TTG ATC 

25 AAT CTC ACT GGT ATG GAT TTC CCT (SEQ ID NO:27). The underlined sequence 
encodes the Cys-Thr exchange. 

[0174] To generate a nucleic acid encoding the mouse C217A mutant, the mouse 

Core 2 GlcNAcTl coding sequence, nucleotides 100 - 1287, subcloned into a pFLAG - 
CMV-3 expression vector, was mutated at base pairs 649 and 650. The T and G nucleotides 
30 were exchanged for G and C nucleotides to encode an alanine residue with the 
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15 



QuickChange site-directed mutagenesis kit from Stratagene. The mutagenic primer had the 
following sequence: 5'-TAC TTG ATC AAT CTC OCT GGT ATG GAT TTC CCT (SEQ 
JD NO:28). The underlined sequence encodes the Cys-Ala exchange. 
[0175] Each mutant construct was transfected and expressed in CHO-S or COS-7 

5 cells. Cells were incubated with DMEM culture media (Invitrogen, Burlington.CA) 

containing 10% FBS and O.lmM non-essential amino acid (Invitrogen, Burlington,CA) to 
ensure the cells were confluent. The culture medium was changed one hour before 
transfection to activate the cells. Identical volumes of two solutions were prepared for 
transfection. The first solution (solution A) was 730ng/ml of either pFLAG-CMV-3™ 
10 (Sigma) N-terminal FLAG-tagged wild-type or mutant (C217S) mouse Core 2 GlcNAcTl 
cDNA in OPTI-MEM I™ (GIBCO, BRL). The second solution (Solution B) was 1.37ul/ml 
of Upofectamine2000™ (Invitrogen) in OPTI-MEM I™ (GIBCO, BRL). Solution B was 
incubated at room temperature for 5 minutes before mixing with Solution A. The mixed 
Solutions A and B were incubated at room temperature for 20 minutes before adding them 
to COS-7 or CHO-S cells. The COS-7 cells or CHO-S ceUs were then incubated at 37°C in 
5% C0 2 for at least 20 hours. Although the amount of FLAG-tagged wild-type or mutant 
(C217S) mouse Core 2 GlcNAcTl cDNA and Iipofectamine2000™ depended on the scale 
of the transfection, a ratio of 0.6ul Lipofectamine2000™ to 320ng - 640ng FLAG-tagged 
wild-type or mutant (C217S) mouse Core 2 GlcNAcTl cDNA was maintained. 
20 [0176] The cells were washed three times with D-PBS, and the culture media was 

then exchanged with CHO-SFM-B (Invitrogen, Burlington.CA). The cells were incubated 
for 24 hours to collect the serum free culture supernatant that contained Core 2 GlcNAcTl 
wild type or C217S mutant polypeptide. The CHO-SFM-B supernatants were collected 
every 24 hours and fresh CHO-SFM-B medium was added until the cells lost their 
25 productivity of Core 2 GlcNAcTl wild type or C217S mutant polypeptide. Core 2 

GlcNAcTl activity was identified in the cell culture supernatants, and the presence of Core 
2 GlcNAcTl polypeptides was verified by SDS-PAGE and Western blotting with 
peroxidase conjugated anti-FLAG M2 antibody (Sigma) as shown in Figures 3A and 3B. 
[0177] To purify the FLAG-tagged C217S mouse Core 2 GlcNAcTl mutant 

30 polypeptide, 1L to 5L of serum free culture supernatant was- collected from large scale 

transfections of CHO-S cells or COS-7 cells. The collected culture supernatant was applied 
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to 25ml of anti-FLAG Ml affinity beads (Sigma). The beads and supernatants were 
incubated for one hour at room temperature with gentle shaking. The beads and 
supernatants were then transferred to a column, and the beads were washed with 5mM 
CaCl 2 , 150mM NaCl and 50mM Tris-HCl (pH7.4). With the column flow stopped, 35ml of 
elution buffer (2 mM EDTA and 0.05% Tween 20 in 50 mM Tris-HCl, pH 7.4) was added 
to the beads and incubated for thirty minutes with gentle mixing to detach the mutant 
polypeptide from the beads. Eluate comprising FLAG-tagged mutant polypeptide was 
collected by opening the column flow. The elution procedure was repeated three times. A 
total of 105 ml eluate was collected and then concentrated. The solvent was replaced with 
150mM NaCl and 50mM Tris-HCl(pH7.4) with Centricon-Plus80 (Millipore, Billerica, 
MA, USA). 

[0178] The purity of FLAG-tagged C217S mouse Core 2 GicNAcTl polypeptide 

was estimated to be greater than 99% by both SimplyBlue™ SafeStain (Invitrogen) and 
Silver Stain Plus (Bio-Rad) as shown in Figures 4A and 4B. The FLAG-tagged C217S 
15 mouse Core 2 GicNAcTl mutant polypeptide migrated as a single band at 48 kDa. Protein 
quantification of the FLAG-tagged C217S mouse Core 2 GicNAcTl mutant polypeptide 
was performed with a BCA protein assay kit (Pierce). 

[0179] Core 2 GicNAcTl activity was identified by the enzyme assays of 

Examples 2 and 3. In particular, the reaction was carried out in a 40ul solution containing 

20 30mM MES buffer (pH 6.7), l.OmM UDP-GlcNAc, l.OuCi UDP-6-[ 3 H]GlcNAc,0.5mM 
Gaipi-3GalNAca-pNp, 0.25mg/ml BSA and 0.5 ng purified FLAG-tagged C217S mouse 
Core 2 GicNAcTl polypeptide. The reaction was incubated for 30 minutes at 37°C and 
stopped by the addition of 500ul of water. The reaction product Gaipi-3([ 3 H]GlcNAc|31- 
6)GalNAca-pNp was separated from unreacted UDP-6-[ 3 H]GlcNAc by solid phase 

25 extraction using Waters Sep-Pak columns. Samples were eluted from the column with 
ethanol, added to 10ml of scintillation fluid and radioactivity (DPM) was measured. 
Specific activity was calculated as the amount of reaction product per one-minute reaction 
and per one mg polypeptide. 

[0180] Purified FLAG-tagged C217S mouse Core 2 GicNAcTl polypeptide was 

30 obtained with a specific activity of up to 15.7 micromole/min/mg. For comparison, the 
specific activity of FLAG-tagged mouse wild type Core 2 GicNAcTl polypeptide in the 
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presence of ImM 1,4-dithiolthreitol (DTT) was similar, 9.2 micromole/min/mg. 
Purification of FLAG-tagged wild type mouse Core 2 GlcNAcTl polypeptide followed the 
method described above for the FLAG-tagged mouse C217S Core 2 GlcNAcTl mutant 
polypeptide using 40 ml cell culture supernatant. The purity of the FLAG-tagged mouse 
wild type Core 2 GlcNAcTl polypeptide is provided in Figures 3 A and 3B . 

Example 2 

Human and Mouse Wild-Type and Mutant Co re 2 GlcNAcTl Properties 

A. Human and Mouse Core 2 GlcNA cTl wild-type properties. 
[0181] The activity of wild-type human and mouse Core 2 GlcNAcTl was observed 

to increase after the addition of 1,4-dithiothreitol (DTT) or other reducing agents following 
the storage of expressed and purified recombinant enzyme. Iodoacetamide, 5,5'-dithiobis(2- 
nitrobenzoic acid) (DTNB), and N-ethylmaleimide causes inhibition of wild-type human 
and mouse Core 2 GlcNAcTls. The heavy metals Hg 2+ and Zn 2+ also inhibit wild-type 
human and mouse Core 2 GlcNAcTls. These results indicate that wild-type human and 
mouse Core 2 GlcNAcTls have a reduced cysteine amino acid residue that is necessary for 
proper enzyme function. The blocking of this residue by oxidation, alkylation, or heavy 
metal binding causes inhibition of the enzyme. 

B. Effects of sulfhydrvl reagent s on mouse Core 2 GlcNAcTl 
[0182] Wild-type and C217S, human and mouse, Core 2 GlcNAcTls were 

dissolved in an aqueous solution containing 30 mM 2-morpholinoethanesulfonic acid 
(MES) buffer (pH 6.7) and 1.0 mg/ml bovine serum albumin (BSA). Iodoacetamide (IAA), 
5,5 , -dithiobis(2-nitrobenzoic acid) (DTNB), N-ethylmaleimide (NEM), HgCl 2 and ZnS0 4 
were added at the concentrations listed on Figures 1 and 2. 1.0 mM UDP-GlcNAc, 0.50 
mM Gal(Pl-3)GalNAca-pnp, (^UDP-GlcNAc (0.50 uCi) and 30 mM MES buffer (pH 
6.7) were added as well. The solutions were incubated at 37°C for 2.0 hours. The 
( 3 H)XJDP-GlcNAc and ( 3 H)GlcNAc(Pl-6)Gal(Pl-3)GalNAca-pnp were separated by solid- 
phase extraction and the DPM of ( 3 H)Gal((3l-3) GlcNAc(pl-6)GalNAca-pnp were counted 
by liquid scintillation. A solution containing all components with exception of enzymes 
was prepared to measure background levels. The % activity was calculated as follows: 
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(DPlvUibto - DPMbackground) / (DP^^-DPMbackgrouad) * 100. All assays were performed 
in duplicate. The results are plotted in Figures 1 and 2. 

[0183] The activity of C217S human and mouse Core 2 GlcNAcTl were not 

inhibited by relatively high concentrations of the thiol-reactive reagents iodoacetamide, 5,5'- 
5 dithiobis(2-nitrobenzoic acid) (DTNB), and N-ethylmaleimide (NEM). Similarly, relatively 
high concentrations of Hg 2+ and Zn 2+ did not affect the mouse enzyme while the human 
enzyme was insensitive to Hg 2+ only. These results indicate that thiol oxidation; alkylation 
or some heavy metal binding no longer inhibits C217S human and mouse Core 2 

GlcNAcTls. 

10 [0184] Data showing the effects of anti-thiol reagents on wild-type and C217S , 

human and mouse, Core 2 GlcNAcTls is shown in Figure 1 and Figure 2. 

C. Human and Mouse Core 2 GlcNA rTi C217S properties. 

Methods: 

Standard enzvme assay. 

15 [0185] Standard enzyme assays for wild-type and mutant (217Cys->Ser) Core 2 

GlcNAcTl were carried out in a 30 ul solution containing 30 mM 2- 
morpholinoethanesulfonic acid (MES) buffer (pH 6.7), 1.0 mM UDP-GlcNAc (donor 
substrate), 1.0 uCi UDP-6-[3H]GlcNAc, 0.50 mM (Gaipi-3)GalNAcoc-pNp (acceptor 
substrate or AS), 1 mg/ml BSA, and 15-25 uU (1 unit = 1 micromole/min) per assay of 

20 recombinant Core' 2 GlcNAcTl protein. The reaction was incubated for 2.0 hours at 37°C 
and stopped by the addition of 460 \x\ of water. Reactions were frozen at -20°C if they were 
not processed immediately. The reaction product Galpl,3[ 3 H]GlcNAc(Pl,6)GalNAca-pNp 
was separated from unreacted UDP-6[ 3 H]GlcNAc by solid phase extraction using Waters 
Sep-Pak columns. Samples were eluted from the column with ethanol, added to 10 ml of 

25 scintillation fluid and radioactivity (DPM) was determined. 

Kinetic characterization assays 
[0186] Km values were determined by running the standard assay conditions with 

the exception of the titration of the donor substrate UDP-GlcNAc concentration (for K m>DS ) 
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or AS concentration (for K^). The IC 50 values for the products UDP and GlcNAc(pl- 
6)Gal(pl-3)GalNAca-pNp were determined by running the standard assay conditions and 
adding titrated product. The mechanism was determined by titrating both donor and 
acceptor substrates at the same time. 

5 Results; 

Kinetic comparison of wild-ty pe and C217S mouse Core 2 GlcNAcTl 
[0187] The K m value for the Core 2 GlcNAcTl donor substrate, UDP-GlcNAc, is 

1.5 mM for the wild-type enzyme and 1.5 mM for the C217S enzyme. The K m value for the 
Core 2 GlcNAcTl acceptor substrate, Gal(|3l-3)GalNAca-pNp, is 0.15 mM for the wild- 

10 type enzyme and 0. 13 mM for the C217S enzyme. Wild-type and C217S Core 2 

GlcNAcTls maintain an Ordered Bi Bi mechanism and the K D for the donor substrate is 
0.1 1 mM for both enzymes. The inhibitory potential for the Core 2 GlcNAcTl products, 
UDP and Gal(Pl-3) GlcNAcTl -6)GalNAca-pNp, are the same for both enzymes. Wild- 
type and C217S Core 2 GlcNAcTls do not use UDP-Glc as a substrate. Compounds that 

15 inhibit wild-type Core 2 GlcNAcTl in the presence of DTT also inhibit C217S Core 2 

GlcNAcTl. Compounds that do not inhibit wild-type Core 2 GlcNAcTl in the presence of 
DTT do not inhibit C217S Core 2 GlcNAcTl. 

Kinetic Comparison of Human Wild-type and C217S Core 2 GlcNAcTl 
[0188] The K m value for the Core 2 GlcNAcTl donor substrate, UDP-GlcNAc, is 

20 1 .2 mM for the wild-type enzyme and 1 . 1 mM for the C217S enzyme. The K m value for the 
Core 2 GlcNAcTl acceptor substrate, Gal (pl-3)GalNAca-pnp, is 0.34 mM for the 
wildtype enzyme and 0.32mM for the C217S enzyme. Wild-type and C217S Core 2 
GlcNAcTls maintain the same kinetic mechanism and the inhibitory potential for the Core 
2 GlcNAcTl products, UDP and Gal(Pl-3) GlcNAc(Pl-6)GalNAcocpnp, is the same for 

25 both enzymes. Wild-type and C217S Core 2 GlcNAcTls do not use UDP-Glc as a substrate. 
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Example 3 
Screenjng Method 

[0189] Core 2 GlcNAcT enzyme catalyzes the trans-glycosylation reaction of 3 H 

radiolabeled GlcNAc from UDP-GlcNAc to the acceptor substrate Gaipi,3GalNAcct- 
pNitrophenyl. Radiolabeled product is isolated via solid-phase extraction and counted by 
liquid scintillation. The rate of product formation is then calculated. Test compounds are 
added to the Core 2 GlcNAcT reaction mixture to determine their inhibitory potential. 
Trans-glycosylation rates are measured and compared to an uninhibited control to obtain a 
percent control activity or "inhibitory rate %". A recombinant mutant enzyme of the 
invention is used to assay inherent inhibitor potential. 
[0190] A particular high throughput protocol is set out below. 

[0191] A stock solution of the Core 2 acceptor GalpU,3GalNAca-pNitrophenyl 

(GGCAN) was prepared by re-suspending the acceptor in water and vortexing to mix the 
solution. The acceptor solution was stored at -20°C. 96-well microtitre plates (MicroWell 
Plates, V-Bottom, Nalge Nunc). Recombinant C217S human and mouse Core 2 GlcNAcTls 
were prepared as described herein. 

[0192] A Core 2 transferase assay to screen for inhibitors of the enzyme involved 

addition of a recombinant assay mixture per reaction in wells or microtitre plates. The assay 
mixture consisted of 10 of test compound, 10 fx\ of a 3x assay mixture (made as a 10 ml 
stock solution consisting of 0.9 ml 1M MES P H 6.7, 0.3 ml 0.5M EDTA, 0.3 ml lOOmM 
UDP-GlcNAc, lmCi UDP-6-[ 3 H]GlcNAc, 3 ml 5mM GGNAN, and 5.5 ml water), and 
lOul of recombinant C217S human or mouse Core 2 GlcNAcTl (15-25uU [1 unit = 1 
micromole/min]) per reaction well. After incubating the plates at 37°C for 2 hours with 
agitation, the reactions were stopped by adding 200 M l of water to each well. The plates 
were stored at -20°C if isolation of product was not performed within 1 hour. 
[0193] Product was isolated using OASIS HLB 96-well plates (Waters), according 

to the manufacturer's instructions. Elution was carried out with ethanol, after which plates 
were completely dried prior to resuspending the radioactive product with scintillation fluid. 
Radioactivity in eluates was counted using a MicroBeta TriLux microplate liquid 
scintillation counter (Wallac). 
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[0194] Enzyme activity (nmole product/hr) was determined using the following 

formula: 

enzyme activity = DPM - background/2.22 x 10 6 x 30 nMol UDP-GlcNAc/incubation time 

Inhibitory rate %: (enzyme activity in the presence of test compound/enzyme activity in the 

absence of test compound) x 100 

[0195] The present invention is not to be limited in scope by the specific 

embodiments described herein, since such embodiments are intended as but single 
illustrations of one aspect of the invention and any functionally equivalent embodiments are 
within the scope of this invention. Indeed, various modifications of the invention in addition 
to those shown and described herein will become apparent to those skilled in the art from 
the foregoing description and accompanying drawings. Such modifications are intended to 
fall within the scope of the appended claims. 

[0196] All publications, patents and patent applications referred to herein are 

incorporated by reference in their entirety to the same extent as if each individual 
publication, patent or patent application was specifically and individually indicated to be 
incorporated by reference in its entirety. All publications, patents and patent applications 
mentioned herein are incorporated herein by reference for the purpose of describing and 
disclosing the cell lines, vectors, methodologies etc. which are reported therein which might 
be used in connection with the invention. Nothing herein is to be construed as an admission 
that the invention is not entitled to antedate such disclosure by virtue of prior invention. 
[0197] It must be noted that as used herein and in the appended claims, the singular 

forms "a", "an", and "the" include plural reference unless the context clearly dictates 
otherwise. Thus, for example, reference to "a host cell" includes a plurality of such host 
cells, reference to the "antibody" is a reference to one or more antibodies and equivalents 
thereof known to those skilled in the art, and so forth. 
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CLAIMS 

What is claimed is; 

1 . An isolated Core 2 GlcNAcT polypeptide wherein amino acid residue 
217 is any amino acid other than cysteine. 

5 2. An isolated Core 2 GlcNAcT polypeptide of claim 1 wherein amino 

. acid residue 217 is any amino acid other than cysteine or serine. 

3 . An isolated Core 2 GlcNAcT polypeptide of claim 1 wherein amino 
acid residue 217 is serine, threonine or alanine. 

4. An isolated Core 2 GlcNAcT polypeptide comprising an amino acid 
10 sequence that differs from that set forth in SEQ ID NO.3 or SEQ ID NO:7 at amino acid 

residue 217. 

5 . An isolated Core 2 GlcNAcT polypeptide of claim 3 wherein amino 
acid residue 217~is not serine. 

6. An isolated Core 2 GlcNAcT polypeptide comprising amino acid 

15 sequence WX 1 YX 2 ETC 3 X 4 GX S DFP (SEQ ID NO:31), wherein each of X 1 , X 2 , X 3 and X 5 is 
independently any amino acid residue and X 4 is any residue other than cysteine. 

7. The isolated polypeptide of claim 6 wherein X 4 is not serine. 

8. The isolated polypeptide of claim 6 wherein X 4 is selected from the 
group consisting of serine, threonine, or alanine. 

20 9 . An isolated polypeptide of claim 6 wherein the amino acid sequence 

is WKYLINLX 4 GMDFP (SEQ ID NO:32). 

10. The isolated polypeptide of claim 9 wherein X 4 is selected from the 
group consisting of serine, threonine, or alanine. 

11. An isolated polypeptide of any of claims 1 through 10 wherein said 
25 polypeptide is a human polypeptide. 
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12. An isolated polypeptide of any of claims 1 through 10 wherein said 
polypeptide is a mouse polypeptide. 

13. An isolated polypeptide comprising the amino acid sequence of SEQ 
E>NOs:9, 11, 17, or 19. 

14. A polypeptide of any of claims 1 through 10 wherein said 
polypeptide has Core 2 GlcNAcT activity. 

15. A Core 2 GlcNAcT polypeptide that is modified at cysteine 217 and 
has Core 2 GlcNAcT activity. 

16. A mutant polypeptide of Core 2 GlcNAcT comprising an amino acid 
substitution wherein a cysteine residue at position 217 is replaced by a serine residue and 
wherein said mutant polypeptide has increased stability compared with the wild type Core 2 
GlcNAcT. 

17. The mutant polypeptide of claim 16 wherein the increased stability is 
characterized by insensitivity to inactivation caused by oxidation, alkylation, or heavy metal, 
binding. 

18. A mutant polypeptide of Core 2 GlcNAcT comprising an amino acid 
substitution wherein a cysteine residue at position 217 is replaced by an alanine residue and 
wherein said mutant polypeptide has increased stability compared with the wild type Core 2 
GlcNAcT. 

19. The mutant polypeptide of claim 18 wherein the increased stability is 
characterized by insensitivity to inactivation caused by oxidation, alkylation, or heavy metal 
binding. 

20. A fusion polypeptide comprising the polypeptide of any of claims 1- 
10, 13, 15, 17, 18. or 19 operably linked to a fusion molecule. 

21 . A fusion polypeptide of claim 20 wherein the fusion molecule is 
selected from the group consising of immunoglobulin, glutathione-S-transferase, protein A, 
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HI, hemagglutinin, S-tag, FLAG, p-galactosidase, maltose E binding protein, GAL, HSP, 
LacZ, His-tag, avidin and truncated myc. 

22. A fusion polypeptide comprising the amino acid sequence of SEQ ID 
NOs: 10, 12, 18, or 20. 

5 23. An antibody that specifically binds a polypeptide of any of claims 1- 

10, 13, 15, 17, 18, or 19. 

24. An isolated nucleic acid molecule encoding a polypeptide of any of 
claims 1-10, 13, 15, 17, 18, or 19. 

25 . An isolated nucleic acid molecule encoding a fusion polypeptide 
10 selected from the group consisting of a fusion polypeptide comprising the polypeptide of 

any of claims 1-10, 13, 15, 17, 18, or 19 operably linked to a fusion molecule, and a fusion 
polypeptide comprising the amino acid sequence of SEQ ID NOs: 10, 12, 18, or 20. 

26. An isolated nucleic acid molecule comprising SEQ ID NOs: 13 , 1 5 , 

21, or 23. 

15 27. An isolated nucleic acid molecule consisting essentially of SEQ ID 

NOs:13, 15, 21, or 23. 

28. A recombinant vector comprising an isolated nucleic acid molecule 
selected from the group consisting of a nucleic acid encoding a polypeptide of any of claims 
1-10, 13, 15, 17, 18, or 19, a nucleic acid encoding a fusion protein comprising a 

20 polypeptide of any of claims 1-10, 13, 15, 17, 18, or 19, a nucleic acid encoding a fusion 
polypeptide comprising the amino acid sequence of SEQ ID NOs: 10, 12, 18, or 20, and a 
nucleic acid molecule comprising SEQ ID NOs:13, 15, 21, or 23. 

29. A method of producing a recombinant vector comprising inserting 
into a vector a nucleic acid molecule selected from the group consisting of a nucleic acid 

25 encoding a polypeptide of any of claims 1-10, 13, 15, 17, 18, or 19, a nucleic acid encoding 
a fusion protein comprising a polypeptide of any of claims 1-10, 13, 15, 17, 18, or 19, a 
nucleic acid encoding a fusion polypeptide comprising the amino acid sequence of SEQ ID 
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NOs:10, 12, 18, or 20, and an isolated nucleic acid molecule comprising SEQ ID NOs:13, 
15, 21, or 23. 

30. A host cell comprising a nucleic acid molecule selected from the 
group consisting of a nucleic acid encoding a polypeptide of any of claims 1-10, 13, 15, 17, 
18, or 19, a nucleic acid encoding a fusion protein comprising a polypeptide of any of 
claims 1-10, 13, 15, 17, 18, or 19, a nucleic acid encoding a fusion polypeptide comprising 
the amino acid sequence of SEQ ID NOs:10, 12, 18, or 20, and an isolated nucleic acid 
molecule comprising SEQ ID NOs:13, 15, 21, or 23. 

31. A host cell as claimed in claim 30 wherein the nucleic acid molecule 
is operably associated with a heterologous regulatory sequence that controls gene 
expression. 

32. A host cell comprising a recombinant vector comprising an isolated 
nucleic acid molecule selected from the group consisting of a nucleic acid encoding a 
polypeptide of any of claims 1-10, 13, 15, 17, 18, or 19, a nucleic acid encoding a fusion 
protein comprising a polypeptide of any of claims 1-10, 13, 15, 17, 18, or 19, a nucleic acid 
encoding a fusion polypeptide comprising the amino acid sequence of SEQ ID NOs: 10,12, 
18, or 20, and an isolated nucleic acid molecule comprising SEQ ID NOs:13, 15, 21, or 23. 

33. A method of producing a host cell comprising transducing, 
transforming, or transfecting a host cell with a recombinant vector of claim 28. 

34. A method for producing a polypeptide comprising: 

culturing a host cell of claim 28 under conditions suitable to produce 
a polypeptide encoded by the nucleic acid molecule; and 

recovering the polypeptide from the cell culture. 

35. A method for identifying a substance that modulates the expression 
or biological activity of a Core 2 pi-6-N-acetylglycosaminyl transferase comprising 
assaying for substances that modulate the activity of a polypeptide of any of claims 1-10, 
13, 15, 17, 18, or 19. 
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36. A method for evaluating a substance for its ability to modulate the 

activity of a Core 2 GlcNAcT comprising: 

(a) contacting an acceptor and a sugar donor for a Core 2 GlcNAcT 
with a polypeptide of any of claims 1-10, 13, 15, 17, 18, or 19, in the presence of a test 
substance; 

(b) measuring the amount of sugar donor transferred to acceptor, and 

(c) carrying out steps (a) and (b) in the absence of the test substance 
to determine if the substance interferes with or enhances transfer of the sugar donor to the 
acceptor by the polypeptide. 

37. A method for evaluating a test substance for its ability to modulate 

the activity of a Core 2 GlcNAcT comprising: 

(a) contacting a Core 2 GlcNAcT acceptor and sugar donor with a 
polypeptide of any preceding claim in the presence of the test substance; and 

(b) comparing the amount of sugar donor transferred to acceptor in 
step (a) to the amount of sugar donor transferred to acceptor in the absence of the test, 
substance. 

38. A method as claimed in claim 35, 36, or 37 which is a high 
throughput method. 

39. A method as claimed in claim 36, or 37 wherein the acceptor is 
coupled to a solid phase carrier or support. 

40. A method as claimed in claim 36, or 37 wherein the acceptor is 
coupled to a polymer and the polymer is coated onto a carrier or support. 

41 . A method as claimed in claim 36, or 37 wherein the sugar donor is 
labeled with a detectable substance. 

42. A method of claim 41 wherein the amount of sugar donor transferred 
to acceptor is measured by detecting the detectable substance coupled to the solid phase 
carrier or support. 
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43. A method for preparing an oligosaccharide comprising contacting a 
polypeptide of any preceding claim with a Core 2 GlcNAcT acceptor and sugar donor under 
conditions suitable for Unking the acceptor and the sugar donor. 

44. The method of claim 43 wherein the sugar donor is activated 

GlcNAc. 

45. A kit comprising a polypeptide of any of claims 1, 3, 4, 6, 8, 9, 10, 
13, 15, 16, 17, 18, 19 and substrates for Core 2 p-l,6-N-acetylglycosaminyl transferase. 
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i 1 Wild-type human core 2L glycosyltransferase 

EEsa C217S human core 2L glycosyltransferase 
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SEQUENCE LISTING 

SEP ID NO. 1 

Human Core 2 GlcNAcTl nucleic acid sequence 

1 gtgaagtgct cagaatgggg caggatgtca cctggaatca gcactaagtg a "cagactt 
61 tccttacttt taiatgtgct gctcttcatt tcaagatgcc gttgcagctc tgataaatgc 
121 aaactgacaa ccttcaaggc cacgacggag ggaaaatcat tggtgcttgg agcatagaag 
181 actgcccttc acaaaggaaa tccctgatta ttgtttgaaa tgctgaggac gttgctgcga 
241 Sgagacttt tttcttatcc caccaaatac tactttatgg ttcttgtttt atccctaatc 
301 accttctcco ttttaaggat tcatcaaaag cctgaatttg taagtgtcag acacttggag 
361 cttgctgggg agaatcctag tagtgatatt aattgcacca aagttttaca gggtgatgta 
421 aatgaaa?cc aaaaggtaaa gcttgagatc ctaacagtga aatttaaaaa ocqccctcgg 
481 tggacacctg acgactatat aaacatgacc agtgactgtt cttctttcat caagagaegc 
541 aaatatattg tagaacccct tagtaaagaa gaggcggagt ttccaatagc atattctata 
601 gtggttcatc acaagattga aatgcttgac aggctgctga gggccatcta tatgcctcag 
661 Satttctatt gcgttcatgt ggacacaaaa tccgaggatt cctatttagc gcagtgatg 
721 ggcatcgctt cctgttttag taatgtcttt gtggccagcc gattggagag tgtggtttat 
781 gSatcg?gga gccgggttca ggctgacctc aactgcatga aggatctcta tgcaatgagt 
841 acaaactgga agtacttgat aaatctttgt ggtatggatt ttcccattaa aaccaaccta 
1 filial ggaagctLa gttgttaatg ggagaaaaca acctggaaac ^ggatg 
961 ccatcccata aagaagaaag gtggaagaag cggtatgagg tcgttaatgg aaagctgaca 
1091 aacacaagaa ctgtcaaaat gcttcctcca ctcgaaacac ctctcttttc tggcagtgcc 
fo81 ScScg?gg tcagtaggga gtatgtgggg tatgtactac agaatgaaaa aatccaaaag 
All ttgatggaj? gggLcaaga cacatacagc cctgatgagt atctctgggc caccatccaa 
1201 aaqat?cc?g aagtcccggg ctcactccct gccagccata agtatgatct atctgacatg 
llll caagcagttj ccaggttS? caagtggcag tactttgagg gtgatgtttc caagggtgct 
llll cccScccgc cctgcgatgg *gtccatgtg cgctcagtgt gcattttcgg agctggtgac 
\lll t?gaac?gga tgc?g?gcaa acaccacttg tttgccaata agtttgacgt ^atgttgac 
[111 cllllllccl tccagtgttt ggatgagcat ttgagacaca aagctttgga ^cattaaaa 
isoi cactaaccat tacgggcaat tttatgaaca agaagaagga tacacaaaac gtaccttatc 
\IA tatt?cccct tcc??gtcag cgtcgggaag atggtatgaa gtcctctttg gggcagggac 
1621 tStagtagat cttc^gtca gagaagctgc atggtttctg cagagcacag "agctagaa 
ifiBi aaataatLc attaaatgtt catctagagt taatagtggg aggagtaaag gtagccttga 
llll ggSSagca ggtagcaagg cattgtggaa agaggggacc agggtggctg Srggaagaggc 

5~ ESS 2=K 55=2 SSSS SSSS. 
SlS =f a 2222 22SS 2KK 

SI Sgtgtagtg ?gtctccgta tgtcatctca gggagcttaa aatgggcttg atttaacatt 
2101 gaaaaaaaat 



SEP . ID. NO. 2 

Human Core~GlcNAcTl fusion co nstruct nuclexc acxd 
sequence 

AAGCCTGAATTTGTAAGTGTCAGACACTTGGAGCTTGCTGGGGAGAATCCTAGTAGTGA 

Staattgcaccaaagttttacagggtgatgtaaatgaaatccaaaaggtaaag^ 
IgItc^taacagtgaaatttaaaaagcgccctcggtggacacctgacgacta^ 

atcIccIotgactgttcttctotc 

taaag^gaggcggagtttccaatagcatattctatagtggttcatcacaagattgaaa 
tgcttg^caggctgctgagggccatctatatgcctcagaatttctattgcgttcatgtg 

gacIcaaStccgaLattcctatttagc^ 
^tg^tgtggccagc^ 
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AGGCTGACCTCAACTGCATGAAGGATCTCTATGCAATGAGTGCAAACTGGAAGTACTTG 
ATAAATCTTTGTGGTATGGATTTTCCCATTAAAACCAACCTAGAAATTGTCAGGAAGCT 
CAAGTTGTTAATGGGAGAAAACAACCTGGAAACGGAGAGGATGCCATCCCATAAAGAAG 
AAAGGTGGAAGAAGCGGTATGAGGTCGTTAATGGAAAGCTGACAAACACAGGGACTGTC 
AAAATGCTTCCTCCACTCGAAACACCTCTCTTTTCTGGCAGTGCCTACTTCGTGGTCAG 
TAGGGAGTATGTGGGGTATGTACTACAGAATGAAAAAATCCAAAAGTTGATGGAGTGGG 
- CACAAGACACATACAGCCCTGATGAGTATCTCTGGGCCACCATCCAAAGGATTCCTGAA 
GTCCCGGGCTCACTCCCTGCCAGCCATAAGTATGATCTATCTGACATGCAAGCAGTTGC 
CAGGTTTGTCAAGTGGCAGTACTTTGAGGGTGATGTTTCCAAGGGTGCTCCCTACCCGC 
CCTGCGATGGAGTCCATGTGCGCTCAGTGTGCATTTTCGGAGCTGGTGACTTGAACTGG 

ATGCTGCGC AAAC ACC ACTTGTTTGC C AATAAGTTTGACGTGGATGTTG AC C TCTTTGC 
CATCCAGTGTTTGGATGAGCATTTGAGACACAAAGCTTTGGAGACATTAAAACAC 



SEP. ID. NO. 3 

Human Core 2 GlcNAcTl amino acid sequence 



1 ■■ mlrtllrrrl fsyptkyyfm vlvlslitfs vlrihqkpef vsvrhlelag enpssdinct 
61 kvlcradvnei gkvkleiltv kfkkrprwtp ddyiruntsdc ssfxkrrkyi veplsKeeae 
121 fSaysiwh uESldrll raiympqnfy cvhvdtksed sylaawigia scfsnvfvas 
111 Sasw srvqadlncm kdlyamsanw kylinlcgmd ^tnlexv rklkllmgen 
9Ai nletermtjsh keerwkkrye wngkltntg tvkmlpplet plfsgsayfv vsreyvgyvx 
01 waSySde ylwatiqrip evpgslpash W£g£ gSSSS 

361 gdvskgapyp pcdgvhvrsv cifgagdlnw mlrkhhlfan kfdvdvdlfa xqcloeM.rn 



421 kaletlkh 
SEP ID NO. 4 



^in core 2 gl=mc« £glgn construct amino acid sequence 

kpefvsvi^lelagenpssdinctkvlqgdvneiqk^eiltvkf^otpddy™ 

^slpasSydlIdmq^ 

MLRKHHLFANKFDVDVDLFAIQCLDEHLRHKALETLKH 
SE P. ID. NO. 5 

Mouse Core~2~GlcNAcTl nucleic acid sequence 

1 rc taaaaact octtcatctt tcctgcaaac tgtgtgtgca gcaaaggcag cttcactctc 
61 tac?aSgtt catggctctg cctttcaggg attgtgccga gctccaggtg ^tgtagctg 

£ 32= ss= ssss ess sss =22= 
=25 s==ss sss= s=s « fiS 
i s=£s ssss s= Sii 1= S S 

catctcacct ggccacatca ggacactgga ggaaacatca utggtdLLua yy « 
s!x gattgtccca cLcaccagg aagcctctga ctgttctttg aaatgctgag aaacttgttt 
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601 cggaggagac ttttctcttg tcctacaaaa tactacttta tgctccttgt cctctcttta 
661 attaccttct ctgttttaag aattcatcag aagcctgaat tttttagtgt cagacacttg 
721 gagctggctg gagatgatcc ttacagcaat gttaattgca ccaagatttt acagggtgac 
781 ccagaagaaa tccagaaggt gaagcttgag atactaacag tgcaattcaa ^aagcgcccg 
841 aggtggacac cccatgacta cataaacatg acccgtgact gtgcctcttt catcaggaca 
901 cgcaaatata ttgtggagcc ccttactaaa gaagaggtag gctttccaat tgcatattcc 
961 attgtggttc atcataagat tgaaatgctt gacaggctcc taagggccat ctatatgccc 
1021 cagaatttct actgcattca cgtggacaga aaagcagagg aatccttttt agccgcggtg 
1081 cagggcattg catcctgctt tgataatgtc tttgtggcca gccagttgga S^gtgttgtt 
1141 tatgcgtcct ggactcgggt taaagcagac ctcaactgca tgaaggacct ^acagaatg 
1201 aatgcaaact ggaagtactt gatcaatctc tgtggtatgg atttccctat taaaa ^ aa ^ 
1261 ctggaaattg tcaggaagct caagtgctcc acaggggaaa acaacctgga aactgagaag 
SS atgLtccca acaaggaaga aagatggaaa aaaagatacg ccgttgtcga tgggaagctg 
1381 accaacactg ggatagtcaa agcaccgccc ccactcaaaa ctcctctctt ttcaggcagt 
1441 gcctacttcg tggtcactag ggaatatgta ggctacgtgc tggaaaatga aaatattcaa 
1501 Xgttgatgg aSgggcaca . ggacacatac agcccagatg agttcctctg ^caccatc 
1561 caaaggatcc cagaagtccc tggttctttc ccctcaagca acaagtatga ="gtcagac 
1621 atgaatgcca ttgctaggtt tgtcaagtgg cagtacttcg aaggcgatgt "ccaatggt 
1681 gcccctLtc caccgtgcag tggagtccac gtgcgctctg tgtgcgtctt ^agctggt 
1741 aacttqagct ggatgctgcg ccaacaccac ctttttgcca ataagtttga catggatgtc 
1 7 801 gacccct?tg cLtccagtg tttggatgag catctgaggc Jtaaagccct wa^ta 
1861 gaacactaag cgctgctggc agccctgggg aagataagga tgctcaaact gactctcat 
1921 ctgcttccca tctctccttt ggggtcctcc ttggggtgat gactttaaag tcttcctgtc 
1981 agggaaactg catgaatcct acagaatata gttacaggag aggctgatac ctt 



SEQ ID NO. 6 

Mouse Core "2 GlcNAcTl fusion construct nuclexc acid 
sequence 

ATTCATCAGAAGCCTGAATTTTTTAGTGTCAGACACTTGGAGCTGGCTGGAGATGATCC 

SCAGCAA^TTAATTGCACCAAGATTTTACAGGGTGACCCAGAAG 
TGAAGCTTGAGATACTAACAGTGCAATTCAAGAAGCGCCCGAGGTGGACACCCCATGAC 

tacataI^^atgacccgtcactgtgcctctttcatcaggacacgcaj^ 

GCCCCl^ACTAAAGAAGAGGTAGGCTTTCCAATTGCATATTCCATTGTGGTTCATCATA 

agattgIa^ 

ATTCACGT^AC^AAAAGCAGAGGAATCCTTTTTAGCCGCGGTGCAGGGCATTC 
CTGCTTTGATAATGTCTTTGTGGCCAGCCAGTTGGAGAGTGTTGTTTATGCGTCCTGGA 

ctcgggt?aaa5cagacctc^ 

CAGGAAGCTCAAGTGCTC 
ACAAG^AAGAAAGATGGAAAAAAAGATAC 

GGGATAGTCAAAGCACCGCCCCCACTCAAAACTCCTCTCTTTTCAGGCAGTGCCTACTT 

CGTGGTCACT^GGAATATGTAGGCTACGTGCTGGAAAATGAAAATATTC 

TGGAATGGGCACAGGACACATACAGCCCAGATGAGTTCCTCTGGGCCACCATCCAAA.GG 

atcc^Igaagtccctggttctttcccctcaagc^ 
ottatccaccgtgLgtcgagtccacgtgcg 

TTGAGCTGGATGCTGCGCCAACACCACCT^ 

CCCCTTTGCCATCCAGTC^ 

AACACTAA 
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SEQ.ID. NO. 7 

Mouse Core 2 GlcNAcTl amino acid sequence 

MLI^FRRRLFSCPTKYYFMLLVLSLITFSVLRIHQKPEFFSVRHLELAGDDPYSNVNC 
TKILQGDPEEIQKVKLEILWQFKKRPRWTPHDYINMTRDCASFIRTRKYIVEPLTKEE 
VGFPIAYSIVVHHKIEMLDRLLRAIYMPQNFYCIHVDRKAEESFLAAVQGIASCFDWF 

VASQLE S VVYASWTRVKADLNCMCDL YRMNANWKYLINLCGMDF P IKTNLE I VRKLKC S 
TGEl^ETEKMPPNKEERWKKRYAVVDGKLTNTGIVKAPPPLKTPLFSGSAYFWTREY 
VGYVLENENIQKLMEWAQDTYSPDEFLWATIQRIPEVPGSFPSSNKYDLSDMNAIARFV 
KWQ YFEGDVSNGAPYP PC SGVHVRSVCVFGAGDL SWMLRQHHLFANKFDMDVDPFAIQ C 
LDEHLRRKALENLEH 



SEQ.ID. NO. 8 

Mouse Core 2 GlcNAcTl fusion construct ami no acid sequence 

IHQKPEFFSVRHLELAGDDPYSNWCTKILQGDPEEIQKVKLEILTVQFKKRPRWTPHD 
YINMTRDCASFIRTRKYIVEPLTKEEVGFPIAYSIVVHHKIEMLDRLLRAIYMPQNFYC 
IHVDPJCAEESFLAAVQGIASCFDNVFVASQLESVVYASWTRVKADLNCMKDLYRMNAl^ 
KYLINLCGMDFPIKTNLEIVRKLKCSTGENNLETEK^ 

GIVKAPPPLKTPLFSGSAYFWTREYVGYVLENENIQKLMEWAQDTYSPDEFLWATIQR 
IPEVPGSFPSSNKYDLSDMNAIARFVKWQYFEGDVSNGAPYPPCSGVHVRSVCVFGAGD 
LSV^ttiRQHHLFANKFDMDVDPFAIQCLDEHLRRKALENLEH 

SEP ID NO. 9 

Human Core 2 GlcNAcTl Cys217->Ser mutant polypeptide amino 
acid sequence 

KPEFVSVRHLELAGENPSSDINCTKVLQGDWEIQKVKLEILTVKFKKRPRWTPDDYIN 
MTSDCSSFIKRRKYIVEPLSKEEAEFPIAYSIVVHHKIEMLDRLLRAIYMPQNFYCIHV 
DTKSEDSYLAAVMGIASCFSNVFVASRLESWYASWSRVQADLNCMKDLYAMSANWKYL 

INLSGMDFPIKTNLEIVRKLKLLMGENNLETERMPSHK^ 

K3XILPPLETPLFSGSAYFWSREYVGYVLQNEKIQKLMEWAQDTYSPDEYLWATIQRIPE 
VPGSLPASHKYDLSDMQAVARFVKWQYFEGDVSKGAPYPPCDGVHVRSVCIFGAGDLNW 
MLRKHHLFANKFDVDVDLFAIQCLDEHLRHKALETLKH 



SEP ID NO. 10 

Human Core 2 GlcNAcTl Cys217-»Ser mutation 

Human Core 2 GlcNAcTl /S- tag fusion protein including Tag 

and EK site in bold / mutation in large print 

KETAAAKFERQHMDSPPPSGLVPRGSAGSGTIDDDDKPEFVSVRHLELAGENPSSDINC 

TKVLQGDVNEIQKVKLEILTVKFKKRPRWTPDDYINMTSDCSSFIKRRKYIVEPLSKEE 
AEFPIAYSIVVHHKIEMLDRLLRAIYMPQNFYCIHVDTKSEDSYLAAVMGIASCFSNVF 

VASRLESWYASWSRVQADLNCmDLYAMSANW^ 

MGENNLETERMPSHKEERWKKRYEVWGKLTNTGTVKMLPPLETPLFSGSAYFVVSREY 
VGYVLQNEKIQKLMEWAQDTYSPDEYLWATIQRIPEVPGSLPASHKYDLSDMQAVARFV 
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KWQYFEGDVSKGAPYPPCDGVHVRSVCIFGAGDLNW 
LDEHLRHKALETLKH 

SEQ ID NO. 11 

Mouse Core 2 GlcNAcTl Cys217-»Ser nrutant polypeptide amino 
acid sequence 

IHQKPEFFSVRHLELAGDDPYSNVNCTKILQGDPEEIQKVKLEILTVQFKKRPRWTPHD 
YIWMTRDCASFIRTRKYIVEPLTKEEVGFPIAYSIVVHHKIEMLDRLLRAIYMPQNFYC 
IHVDRKAEE S FLAAVQGI AS CFDNVFVAS QLE SVVYASWTRVKADLNCMKDLYRMNANW 
KYLINLSGMDFPIKTNLEIVRKLKCSTGENNLETEKMPPNK^ 

GIVKAPPPLKTPLF SGSAYFVVTREWGYVLENENIQKLMEWAQDTYS PDEFLWATIQR 
I PEVPGSF P S SNKYDLSDMNAI ARFVKWQ YFEGDVSNGAPYPPC S GVHVRSVCVFGAGD 
LSWMLRQHHLFANKFDMDVDPFAIQCLDEHLRRKALENLEH 

SEQ ID NO. 12 

Mouse Core 2 GlcNAcTl Cys217 ->Ser mutation 

Mouse Core 2 GlcNAcTl /FLAG- tag fusion protein including 
FLAG Tag and EK site in bold / mutation in bold large print 

DTKDDDDKLAAM5SSIDLIHQKPEFFSVRHLELAGDDPYSNVNCTKILQGDPEEIQ 

LETLTVOFKKRPRWTPHDYINMTRDCASFIRTRKYIVEPLTKEEVGFPIAYSIVVHHKI 

VKADIjNCMKDLYRMNANWKYLII^ 

FERWKKRYAWDGKLTNTGIVKAPPPLKTPLFSGSAYFWTREYVGYVLENENIQKLME 
PPGSGVH^RSVCWGAGDLSVJMLRQHHLFANKFDl^ 



SEQ.ID. NO. 13 m „ 

Nucleic acid^eouence e ncoding hum** Core 2 GlcNAcTl 

Cvs217-»Ser mutant polypeptide 




* 
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rACAAGACACATACAGCCCTGATGAGTATCTCTGGGCCACCATCCAAAGGATTCCTGAA 
GTCC^GGGCTCACTCCCTGCCAGCCATAAGTATGATCTGTCTGACATGCAAGCAGTTGC 

Sggtttgtcaagtggcagtactttgagggtgatgtttccaaggg 

CCTGCGATGGAGTCCATGTGCGCTCAGTGTGCATTTTCGGAGCTGGTGACTTGAACTGG 
ATGCTGCGCAAACACCACTTGTTTGCCAATAAGTTTGACGTGGATGTTGACCTCTTTGC 
CATCCAGTGTTTGGATGAGCATTTGAGGCACAAAGCTTTGGAGACATTAAAACAC 

SEQ.ID. NO. 14 

ffoire 2 GlcHAcTl Cvs217-> Ser nutation 

sZence including Tag and EK site xn bold / mutatxons xn 
bold large print 

AAAGAAACCGCTGCTGCGAAATTTGAACGCCAGCACATGGACTCGCCACCGCCTTCTGG 
TCTG^TCCCCCGGGGCAGCGCAGGTTCTGGTACGATTGATGACGACGACAAGCCTGAAT 

ttotaIgtgtcagacact^^ 

a^AAAGTTTTACAGGGTGATGTAAATGAAATCCAAAAGGTAAAGCTTGAGA 

agtgaaatttaaaaag^gccctcggtggacacctgacgacta^^ 
pcgIIotttccaatagcatattc 

?cgagSt?cctat^ 
• gtgg?cagccgIS 
cIIctgcatgS^ 

c^^g^^ggattttcccattaaaaccaacctagaaattgtcaggaagctcaagttgtta 



gaagcggtatgaggtcgttaatggaaagctgacaaacacagggactgtcaaaatgot^ 

TCTTTTCTGGC 
AATGAAAAAA1 _ 

atacagccctgatgagtatctctgggccaccatccaaaggattcctgaagtcccgggct 



nrpprarTrrAAACACCTCTCTTTTCTGGCAGTGCCTACTTCGTGGTCAGTAGGGAGTAT 
GTGGGGTATGTACTACAGAATGA 



^_ _„ rnr mpppaGCCATAAGTATGATCTGTCTGACATGCAAGCAGTTGCCAGGTTTGTC 

^PTGGCAGTACOTTG 
^PPATGTGCGCTCA^ 

TTGGATGAGCATTTGAGGCACAAAGCTTTGGAGACATTAAAACAC 

S.Q.XD. g^i ^ mnaijfl mQUSe Cnr . 2 fllcNAcTlCyS 217^ 



Serine mutant 

^^ggSaagcagacot^aStgoatgaaggaoctgtacagaatgaatgcaaaotgg 
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aagtacttgatcaatctctCtggtatggatttccctattaaaaccaacctggaaattgt 
caggaagctcaagtgctccacaggggaaaacaacctggaaactgagaagatgcctccca 
acaaggaagaaagatggaaaaaaagatacgccgttgtcgatgggaagctgaccaacact 
gggatagtcaaagcaccgcccccactcaaaactcctctcttttcaggcagtgcctactt 
cgtggtcactagggaatatgtaggctacgtgctggaaaatgaaaatattcaaaagttga 
tggaatgggcacaggacacatacagcccagatgagttcctctgggccaccatccaaagg 
atcccagaagtcectggttctttcccctcaagcaacaagtatgacttgtcagacatgaa 
tgccattgctaggtttgtcaagtggcagtacttcgaaggcgatgtttccaatggtgccc 
cttatccaccgtgcagtggagtccacgtgcgctctgtgtgcgtcttcggagctggtgac 
ttgagctggatgctgcgccaacaccacctttttgccaataagtttgacatggatgtcga 
cccctttgccatccagtgtttggatgagcatctgaggcgtaaagccctggagaacttag 

aacactaa 
SEQ.ID. NO. 16 

MouseCore 2 GlcNAcTlCys217- » Serine imitant 

Sequence including Tag and EK site in bold / mutation in 
large bold print 



tcagaagcctgaattttttagtgtcagacacttggagctggctggagatgatccttaca 
gcaatgttaattgcaccaagattttacagggtgacccagaagaaatccagaaggtgaag 
cttgagatactaacagtgcaattcaagaagcgcccgaggtggacaccccatgactacat 
aaaca?gacccgtgactgtgcctctttcatcaggacacgcaaatatattgtggagcccc 

gaaatgcttgacaggctcctaagggccatctatatgcctcagaatttctactgcattca 
catggacagaaaagcagaggaatcctttttagccgcggtgcagggcattgcatcctgct 
??ga?aatgtctt?gtggccagccagttggagagtgttgtttatgcgtcctggactcgg 

gtKaag^ 

cttgatcaatctctCtggtatggatttccctattaaaaccaacctggaaattgtcagga 
agctcaagtgctccac"aggggaaaacaacctggaaactgagaagatgcctcccaacaag 
gaagaaaga?ggaaaaaaagatacgccgttgtcgatgggaagctgaccaacactgggat 
ag^caaagcaccgcccccactcaaaactcctctcttttcaggcagtgcctacttcgtgg 

tSctagggaatatgtaggctacgtgctggaaaatgaaaatattcaaaagt^ 

tgggcacaggacacatacagcccagatgagttcctctgggccaccatccaaaggatccc 

aaaaatccctggttctttcccctcaagcaacaagtatgacttgtcagacatgaatgcca 

SgSaggtSgtcaagtggcagtacttcgaaggcgatgtttccaat 
ccaccgtgcagtggagtccacgtgcgctctgtgtgcgtcttcggagctggtgacttgag 
ctggaSctgcgccaacaccacctttttgccaataagtttgacatggatgtcgacccct 
ttgccaLcagSgtttggatgagcatctgaggcgtaaagccctggagaacttagaacac 

taa 
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DTKS EDS YL AAVMG I ASC F SNVFVASRLESVVYASWSRVQ ADLNCMKDLYAMS ANWKYL 
INLAGMDFPIKTNLEIVRKLKLIMGEimETEI^PSHKEERWKKRYEWNGKLTNTGTV 
K]^PPLETPLFSGSAYFWSREWGYVLQ1^KIQKIJ!^AQDTYSPDEYLWATIQRIPE 
VPGSLPASHKYDLSDMQAVARFVKWQYFEGDVSKGAPYPPCDGVHVRSVCIFGAGDLNW 
MLRKHHLFANKFDVDVDLFAIQCLDEHLRHKALETLKH 

SEP ID NO. 18 

Human Core 2 GlcNAcTl Cys217 ->Ala mutation 

Human Core 2 GlcNAcTl/S-tag fusion protein includxng Tag and EK 
site in bold / mutation in large bold print 

KETAAAKFERQHMDSPPPS6LVPRGSAGSGTIDDDDKPEFVSVRHLELAGENPSSDINC 

TKVLOGDWEIQKVKLEILTVKFKKRPRWTPDDYINMTSDCSSFIKRRKYIVEPLSKEE 
AEFPIAYSIVVHHKIEMLDRLLRAIYMPQNFYCIHVDTKSEDSYLAAVMGIASCFSNVF 
VASRLESVWASWSRVQADLNCMKDLYAMSANmYLINLAGMDFPIKTNLEIVRKLKLL 
MGEl^LETERMPSHKEERWKKRYEVVNGKLTNTGTVKMLPPLETPLFSGSAYFVVSREY 

VGYVLQNEKIQKLMEWAQDTY S PDEYLWATI QRI PEVPGS L PASHKYDL SDMQAVARFV 
KWQYFEGDVSKGAPYPPCDGVHVRSVCIFGAGDLNWMLRKHHLFANKFDVDVDLFAIQC 

LDEHLRHKALETLKH 
SEQ ID. NO. 19 

Amino acid lenience of tnouseCore 2 GlcNAcTl Cys217-> Alanine 
mutant polypeptide 

IHQKPEFFSVRlILELAGDDPYSNVNCTKILQGDPEEIQKVKLEILTVQFKKRPRWTPro 
YINMTRDCASFIRTKKYIVEPLTKEEVGFPIAYSIVVHHKIEMLDRLLRAIYMPQNFYC 

IH^R^EESFLAAVQGIASCFDNWVASQLESVVYASVTO 

KYL INLAGMDF P IKTNLE I VRKLKC S TGENNLETEKMP PNKEERWKKRY AWDGKLTNT 
GIVKAPPPLKTPLFSGSAYFVVTREYVGYVLENENIQKLMEWAQDTYSPDEFLWATIQR 
IPF^GSFPSSNKYDLSDMNAIARFVKWQYFEGDVSNGAPYPPCSGVHVRSVCVFGAGD 

LS^/MLRQHHLFAMKFDMDVDPFAIQCLDEHLRRKALENLEH 
SEP ID. NO. 20 

MottseCore 2 GlcNAcTl Cys217- » Alanine mutant 

Mouse Core 2 GlcNAcTl /FLAG- tag fusion protein including _ 
FLAG Tag and EK site in bold / mutation in large bold print 



EMLDRLLRAIYMPQNFYCIHVDRKAEESFLAAVQGIASCFDNVFVASQLESVVYASWTR 
VKADLNCMKDLYRMNANWKYLINI^ 

FFRWKKRYAVVDGKLTNTGIVKAPPPLKTPLFSGSAYFWTREYVGYVLENENIQKLME 

waqd^spd™tiqripevpgsfpssnkydlsd 

PPCSGVH^SVCWGAGDL 
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SE P ID NO. 21 

Nucleic acioTsequence encoding h uman Core 2 GlcNAcTl 
Cys217-»Ala mutant polypeptide 

AAGCCTGAATTTGTAAGTGTCAGACACTTGGAGCTTGCTGGGGAGAATCCTAGTAGTGA 

TATTAATTGCACCAAAGTTTTACAGGGTGATGTAAATGAAATCCAAAAGGTAAAGCTTG 

AGATCCTAACAGTGAAATTTAAAAAGCGCCCTCGGTGGACACCTGACGACTATATAAAC 

ATGACCAGTGACTGTTCTTCTTTCATCAAGAGACGCAAATATATTGTAGAACCCCTTAG 

TAAAGAAGAGGCGGAGTTTCCAATAGCATATTCTATAGTGGTTCATCACAAGATTGAAA 

TGCTTGACAGGCTGCTGAGGGCCATCTATATGCCTCAGAATTTCTATTGCATTCATGTG 

GACACAAAATCCGAGGATTCCTATTTAGCTGCAGTGATGGGCATCGCTTCCTGTTTTAG 

TAATGTCTOTGTGGCCAGCCGATTGGAGAGTGTGGTTTATGCATCGTGGAGCCGGGTTC 

AGGCTGACCTCAACTGCATGAAGGATCTCTATGCAATGAGTGCAAACTGGAAGTACTTG 

ATAAATCTTGCTGGTATGGATTTTCCCATTAAAACCAACCTAGAAATTGTCAGGAAGCT 

CAAGTTGTTAATGGGAGAAAACAACCTGGAAACGGAGAGGATGCCATCCCATAAAGAAG 

AAArGTGGAAGAAGCGGTATGAGGTCGTTAATGGAAAGCTGACAAACACAGGGACTGTC 

Sagtatgtg^gtatctactacagaatgaaaaaa 

CACAAGACACATACAGCCCTGATGAGTATCTCTGGGCCACCATCCAAAGGATTCCTGAA 
rTCC^GGGCTCACTCCCTGCCAGCCATAAG^ 

rCTGCGATGGAGTCCATGTGCGCTCAGTGTGCATTTTCGGAGCTGGTGACTTGAACTGG 
ATG^TGCGCAAACACCACTTGTTTGCCAAT 

CATCCAGTGTTTGGATGAGCATTTGAGGCACAAAGCTTTGGAGACATTAAAACAC 

SEQ ID M O. 22 . ^- ...^m- 

rLcleic acid ~«*auence en d ing a human Core 2 GlcNAcTl 

Cvs217->Ala mutation con struct 

Sequence including Tag and EK site in bold / mutation in 
bold large print 

====== 

AGTGAAATTTAAAAAGCGCCCTCGGTGGACACCTGACGACTATATAAA. 
ACTCT^CTTCTTTCATCAAGAGAC^ 

?cgSgtttccaata^ 

rCTGCTCAGGGC^ATCTATATGCCTCAGAATTTCTATTGCATTCAT 
rCGAGGATTCCTATTTA 

gtggccagccgI^ 

caactccatgLggatctctatgcaatgagtgcaaa^ 
ctggtatggattttcccattaaaaccaacctagaaattgtcaggaagctcaagttgtta 

caagcggtatcag^tcgttaatggaaagctgacj^^ 
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GTGGGGTATGTACTACAGAATGAAAAAATCCAAAAGTTGATGGAGTGGGCACAAGACAC 
ATACAGCCCTGATGAGTATCTCTGGGCCACCATCCAAAGGATTCCTGAAGTCCCGGGCT 
CACTCCCTGCCAGCCATAAGTATGATCTGTCTGACATGCAAGCAGTTGCCAGGTTTGTC 
AAGTGGCAGTACTTTGAGGGTGATGTTTCCAAGGGTGCTCCCTACCCGCCCTGCGATGG 
AGTCCATGTGCGCTCAGTGTGCATTTTCGGAGCTGGTGACTTGAACTGGATGCTGCGCA 
AACACCACTTGTTTGCCAATAAGTTTGACGTGGATGTTGACCTCTTTGCCATCCAGTGT 

TTGGATGAGCATTTGAGGCACAAAGCTTTGGAGACATTAAAACAC 

i^clei/acid^seauence enc oding a mouseCore 2 GlcNAcTl 
Cvs217-n> Alanine mutant po lypeptide 

attcatcagaagcctgaattttttagtgtcagacacttggagctggctggagatgatcc 

ttacagcaatg?taa?tgcaccaagattttacagggtgacccagaagaaatccagaagg 

tgaagcttgagatactaacagtgcaattcaagaagcgcccgaggtggacacccc^ 

tLaLaacatgacccgtgactgtgcctctttcatcaggacacgcaaatatattgt^ 

gccccttactaaagaagaggtaggctttccaattgcatattccattgtggttcatcata 

agattgaaatgcttgacaggctcctaagggccatctatatgcctcagaatttctactgc 

a^tcacgtggacagaaaagcagaggaatcctttttagccgcggtgcagggca^ 
rtactttaataatgtctttgtggccagccagttggagagtgttgtttatgcgtcctgga 

ctcgggt?aaa g caga 

aagtacttgatcaatctcgctggtatggatttccctattaaaaccaa^ 
caggaagctcaagtgctcca'aggggaaaacaacctggaaactgagaagatgcctccca 
acaaggaagaaagatggaaaaaaagatacgccgttgtcgatgggaagctgaccaacact 
^SS^SScaSgcccccactcaaaactcctGtcttttcaggcagtgcctactt 



taaaataaacacaggacacatacagcccagatgagttcctctgggccaccatccaaagg 
a 9 tcccagaa^ 

tgccat^ctaggtttgtcaagtggcagtacttcgaaggcgatgtttccaa^ 



ccoo??tgcca?coag?gtttggatg a gc a tctgaggogt a aagocctgg a gaactt a g 
aacactaa 




-, j- m.=~ vtc qite in bold / mutations in 

Sequence including Tag and EK. site m uuj. 

bold large print 

aactacaaaaacgatgacgacaagcttgcfirgcc^csraattcatcgata^atctaattca 

tcaaaagccSaftttttLgtgtcagacac 

ncaata?taa??gcLcaagattttacagggtgacccagaagaaatccagaaggtgaag 

Ssssssssssssssssssssl 



V 
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cgtggacagaaaagcagaggaatcctttttagccgcggtgcagggcattgcatcctgct 

ttgataatgtctttgtggccagccagttggagagtgttgtttatgcgtcctggactcgg 

gttaaagcagacctcaactgcatgaaggacctgtacagaatgaatgcaaactggaagta 

cttgatcaatctcgctggtatggatttccctattaaaaccaacctggaaattgtcagga 

agctcaagtgctccacaggggaaaacaacctggaaactgagaagatgcctcccaacaag 

gaagaaagatggaaaaaaagatacgccgttgtcgatgggaagctgaccaacactgggat 

agtcaaagcaccgcccccactcaaaactcctctcttttcaggcagtgcctacttcgtgg 

tcactagggaatatgtaggctacgtgctggaaaatgaaaatattcaaaagttgatggaa 

tgggcacaggacacatacagcccagatgagttcctctgggccaccatccaaaggatccc 

agaagtccctggttctttcccctcaagcaacaagtatgacttgtcagacatgaatgcca 

ttgctaggtttgtcaagtggcagtacttcgaaggcgatgtttccaatggtgccccttat 

ccaccgtgcagtggagtccacgtgcgctctgtgtgcgtcttcggagctggtgacttgag 

ctggatgctgcgccaacaccacctttttgccaataagtttgacatggatgtcgacccct 

ttgccatccagtgtttggatgagcatctgaggcgtaaagccctggagaacttagaacac 

taa 



SEQ ID NO. 25 

WXYXINXCGXDFP 

SE Q ID WO. 26 

TAC TTG ATC"~AAT CTC TCT GGT AT G GAT TTC CCT 

SE P ID MO. 27 

TAC TTG A~AAT CTC ACT GGT AT G GAT TTC CCT 

SE P ID NO. 28 

TAC TTG ATCIAT CTC GCT GGT AT G GAT TTC CCT 

^L^cor; 2 9 Gl ^^/ S - t aa fusion cmrnl-.raot nucleic acid 
sequence innludina S-Tag and EK site (wild type) 
Sequence encoding S-Tag and EK site in bold 

AAAGAAACCGCT6CTGCGAAATTTGAACGCCAGCACATGGACTCGCCACCGCCTTCTGG 
TCTG^TCCCCCGGGGCAGCGCAlGGTTCTGGTACGATTGATGAC 

ttgtaact^ 

accaaIgttttacagggtgatgtaaatg^ 

AGTGAA^TTTAAAAAGCGCCCTCGGTGGACACCTGACGACTATATAAACATGAC^ 

^g™?tct^tcaagagacgcaaatatattgtagaacc 

GCGGAGTTTCCAATAGCATATTCTATAGTGGTTCATCAC AAGAT^ 

gctgctgIgggc^^ 

CCGAG^ATTCCTATTTAGCTGCAGTGATGGGCATCGC 

ttgcccagccgIt^^^ 

CTOGTATG^AT^TTCCCATTAAAAC 

ATGGGAGAAAA^AACCTGGAAACGGAGAGGATGCCATCCCATAA^ 
CAAGCGGTA^^A^GTCGTTAATGGAAAGCTGACAAACACAGGGACTGT^ 

CTCC^CTCGAAAC^CCTCTCTTTTCTGGCA 



4 
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^TCCATGTGCG^ 

Scaccacttgtttgccaataagtttgacgtggatgttgacctct™^ 

TTGGATGAGCATTTGAGGCACAAAGCTTTGGAGACATTAAAACAC 




Sequence encoding FLAG-Tag and EK site in bold 

GACTACAAAGACGATGACGACAAGCTTGCGGCCGCGAATTCATCGATAGATCTAATTCA 

TCAGAAGCCTGAATTTTTTAGTGTCAGACACTTGGAGCTGGCTGGAGATGATCCTOA^ 

gcaatcttLttgcaccaagattttacagggtgacccagaagaaatccagaa^^^ 
?™Igatactaacagtgcaattcaagaagcgcccgaggtggacaccccat^^^ 

aI^a^gIcccotgac^ 

GAAATGCTTGACAGGCTCCTAAGGGCCATCTATATGCCTCAGAATTTCTACTGCATTCA 

S^gacagS 

TTGATAATGTC^TGTGGCCAGCCAGTTGGAGAGTGTTGTTTATGCGTCCTGGACTCGG 
GTTAAAGCAGACCTCAACTGCATGAAGGACCTGTACAGAATGAATGCAAAC^ 
CTTG^CAATCTCTGTGGTATGGATTTCCCTATTAAAACCAACCTGGAAAOT 
AGCTCAAGTGCTCCACAGGGGAAAACAACCTGGAAACTGAGAAGATGCCTCCCAACAAG 

PAAPAAAGATGGAAAAAAAG 

TCACTAGGGAATATCTAGGCTACGTGCTGGAAAATC 

tSgcacaggacacatacagcccagatgag™ 

ArSScCCTGGTTCTTTCCCCTC 

ttgISagS 

CCACCGTOCAOTGGAGTCCACGTGCGCTCTGTGTGCGTCTTCGGAGCTGGTGA 
CTG^ATG^TG^GCCAACACCACCTTTTTGCCAATAAGTTTGACATGGATG 

ttg^cItccagtgtttggatcagcatctgaggcg 

TAA . 



